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PAPSSs AS MODIFIERS OF THE AXIN PATHWAY AND METHODS OF USE 

REFERENCE TO RELATED APPLICATIONS 
This application claims priority to U.S. provisional patent application 60/401,534 
5 filed 8/6/2002. The content of ttie prior application is hereby incorporated in its entirety. 

BACKGROUND OF THE INVENTION 
Deregulation of beta-catenin signaling is a frequent and early event in the 
development of a variety of human tumors, including colon cancer, melanoma, ovarian 

10 cancer, and prostate cancw- Activation of beta-catenin signaling can occur in tumor cells 
by loss-of-function mutations in the tumor suppressor genes Axin or APC, as well as by 
gain-of-function mutations in the oncogene beta-catenin itself. Axin normally functions as 
a scaffolding protein that binds beta-catenin, APC, and the serine/threonine kinase OSK3- 
beta. Assembly of this degradation complex allows GSK3-beta to phosphorylate beta- 

15 catenin, which leads to beta-catenin ubiquitination and degradation by the proteasome. In 
the absence of Axin activity, beta-catenin protein becomes stabilized and accumulates in 
the nucleus where it acts as a transcriptional co-activator with TCF for the induction of 
target genes, including the cell cycle regulators cyclin Dl and c-Myc. 

The C. elegans gene pry-1 is the stractural and functional ortholog of vertebrate 

20 Axin (Korswagen HC et al. (2002) Genes Dev. 16: 1291-302). PRY-1 is predicted to 
contain conserved RGS and DK domains that, in Axin, bind APC and Dishevelled, 
respectively. Oveiexpression of the C elegans pry-l gene in zebrafish can fully rescue 
the mutant phenotype of masterblind^ the zebrafish Axinl mutation, pry-l loss-of- 
function mutations produce several phenotypes that appear to result from increased beta- 

25 catenin signaling (Gleason JE et al. (2002) Genes Dev. 16: 1281-90; Korswagen et al., 
supra). 

Three-prime-phosphoadenosine 5-prime-phosphosulfate (PAPS) is the sulfate 
donor cosubstrate for all sulfotransferase (SIXLT) enzymes. SULTs catalyze the sulfate 
conjugation of many endogenous and exogenous compounds, including drugs and other 
30 xenobiotics. In humans, PAPS is synthesized from adenosine 5-prime triphosphate (ATP) 
and inorganic sulfate by 2 isoforms, phosphoadenosine-phosphosulfate synthetase 1 
^APSSl) andphosphoadenosine-phosphosulfate synthetase 2 (PAPSS2). PAPSS 
enzymes have kinase and sulfiirylase domains, and catalyze 2 sequential reactions to 
synthesize PAPS. These reactions are catalyzed by separate, enzymes encoded by 2 or 3 
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genes in simpler organisms.. Mutations in PAPSS2 may result in spondyloepimetaphyseal 
dysplasia (ul Haque, M. F (1998) Nat Genet 20:157-62), and PAPSS2 is expressed in 
metastatic and non-metastatic colon carcinoma cells (Franzon, V. L, et al (1999) Int J 
Biochem Cell Biol 31:613-26). 

PAPSS genes are conserved through evolution and have orthologs in yeast and 
higher eukaryotes, including a marine worm, Drosophila, and mouse (Y anagisawa, K. et al 
(1998) Biosci. Biotech. Biochem. 62: 1037-1040). 

The ability to manipulate the genomes of model organisms such as C. elegans 
provides a powerful means to analyze biochemical processes that, due to significant 
evolutionary conservation, have direct relevance to more complex vertebrate organisms. 
Due to a high level of gene and pathway conservation, the strong similarity of cellular 
processes, and the functional conservation of genes between these model organisms and 
manmials, identification of the involvement of novel genes in particular pathways and 
their functions in such model organisms can directly contribute to the understanding of the 
correlative pathways and methods of modulating them in mammals (see, for 
exampleDulubova I, et al, J Neurochem 2001 Apr;77(l):229-38; Cai T, et al., Diabetologia 
2001 Jan;44(l):81-8; Pasquinelli AE, et al.. Nature. 2000 Nov 2;408(6808):37-8; Ivanov 
IP, et al., EMBO J 2000 Apr 17;19(8): 1907-17; Vajo Z et al., Manmi Genome 1999 
Oct; 10(10): 1000-4). For example, a genetic screen can be carried out in an invertebrate 
model organism having underexpression (e.g. knockout) or overexpression of a gene 
(referred to as a "genetic entry point") that yields a visible phenotype. Additional genes 
are mutated in a random or targeted maimer. When a gene mutation changes the original 
phenotype caused by the mutation in the genetic entry point, the gene is identified as a 
"modified involved in the same or overlapping pathway as the genetic entry point. When 
the genetic entry point is an orfholog of a human gene implicated in a disease pathway, 
such as AXIN, modifier genes can be identified that may be attractive candidate targets for 
novel therapeutics. 

All references cited herein, including patents, patent applications, publications, and 
sequence information in referenced Genbank identifier numbers, are incorporated herein in 



their entireties. 

SUMMARY OF THE INVENTION 

We have discovered genes that modify the AXIN pathway in C elegans^ and 
identified their human orthologs, hereinafter referred to as phosphoadenosine- 

2 
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phosphosulfate synthetase (PAPSS). The invention provides methods for utilizing these 
AXDSr modifier genes and polypeptides to identify PAPSS-modulating agents that are 
candidate therapeutic agents that can be used in the treatment of disorders associated with 
defective or impaired AXIN function and/or PAPSS function. Preferred PAPSS- 

5 modulating agents specifically bind to PAPSS polypeptides and restore AXIN function. 
Other preferred PAPSS-modulating agents are nucleic acid modulators such as antisense 
oligomers and RNAi that repress PAPSS gene expression or product activity by, for 
example, binding to and inhibiting the respective nucleic acid (i.e. DNA or mRNA). 

PAPSS modulating agents may be evaluated by any convenient in vitro or in vivo 

10 assay for molecular interaction with a PAPSS polypeptide or nucleic acid. In one 
embodiment, candidate PAPSS modulating agents are tested with an assay system 
comprising a PAPSS polypeptide or nucleic acid. Agents that produce a change in the 
activity of the assay system relative to controls are identified as candidate AXIN 
modulating agents. The assay system may be cell-based or cell-fi«e. PAPSS-modulating 

15 agents include PAPSS related proteins (e.g. dominant negative mutants, and 

biotherapeutics); PAPSS -specific antibodies; PAPSS -specific antisense oligomers and 
other nucleic acid modulators; and chemical agents that specifically bind to or interact 
with PAPSS or compete with PAPSS binding partner (e.g. by binding to a PAPSS binding 
partner). In one specific embodiment, a small molecule modulator is identified using a 

20 kinase assay. In specific embodiments, the screening assay system is selected from a 
binding assay, an apoptosis assay, a cell proliferation assay, an angiogenesis assay, and a 
hypoxic induction assay. 

fii another embodiment, candidate AXIN pathway modulating agents are further 
tested using a second assay system that detects changes in the AXIN pathway, such as 

25 angiogenic, apoptotic, or ceU proUferation changes produced by the originally identified 
candidate agent or an agent derived from the original agent. The second assay system may 
use cultured cells or non-human animals. In specific embodiments, the secondary assay 
system uses non-human animals, including animals predetermined to have a disease or 
disorder implicating the AXIN pathway, such as an angiogenic, apoptotic, or ceU 

30 proliferation disorder (e.g. cancer). 

The invention further provides methods for modulating the PAPSS function and/or 
the AXIN pathway in a mammalian cell by contacting the mammalian cell with an agent 
that specificaUy binds a PAPSS polypeptide or nucleic acid. The agent may be a small 
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molecule modulator, a nucleic acid modulator, or an antibody and may be administered to 
a mammalian animal predetermined to have a pathology associated the AXIN pathway. 

DETAILED DESCRIPTION OF THE INVENTION 

5 Genetic screens were designed to identify modifiers of the axin pathway in C 

elegans. where a reduction of function pry-1 (axin) mutant was used. Various specific 
genes were silenced by RNA inhibition (RNAi). The T14G10.1 gene was identified as a 
modifier of the AXIN pathway. Accordingly, vertebrate orthologs of these modifiers, and 
preferably the human orthologs, PAPSS genes (i.e., nucleic acids and polypeptides) are 

10 attractive drug targets for the treatment of pathologies associated with a defective AXIN 
signaling pathway, such as cancer. 

fa vitro and in vivo methods of assessing PAPSS function are provided herdn. 
Modulation of the PAPSS or their respective binding partners is useful for understanding 
the association of the AXIN pathway and its members in normal and disease conditions 

15 and for developing diagnostics and therapeutic modalities for AXIN related pathologies. 
PAPSS-modulating agents that act by inhibiting or enhancing PAPSS expression, directly 
or indirectly, for example, by affecting a PAPSS function such as enzymatic (e.g., 
catalytic) or binding activity, can be identified using methods provided herein. PAPSS 
modulating agents are useful in diagnosis, therapy and pharmaceutical development. 

20 

Nucleic acids and polypeptid es of the invention 

Sequences related to PAPSS nucleic acids and polypeptides that can be used in the 
invention are disclosed m Genbank (referenced by Genbank identifier iGl) number) as 
GI#s 20127474 (SEQ ID NO:l), 15030251 (SEQ ID NO:2), 2853266 (SEQ ID NO:3), 

25 7211187 (SEQ ID NO:4), 2673861 (SEQ ID NO:5), 7211174 (SEQ ID NO:6). 4758879 
(SEQ ID NO:7), 14602765 (SEQ ID NO:8), 5052074 (SEQ ID NO:9), and 3769609 (SEQ 
ID NO: 10) for nucleic acid, and GBfs 20127475 (SEQ ID NO:ll) and 4758880 (SEQ ID 
NO: 12) for polypeptides. 

The term "PAPSS polypeptide" refers to a full-length PAPSS protein or a 

30 functionally active firagment or derivative thereof. A "functionally active" PAPSS 

fragment or derivative exhibits one or more functional activities associated with a full- 
length, wild-type PAPSS protein, such as antigenic or immunogenic activity, enzymatic 
activity, ability to bind natural cellular substi»tes, etc. The functional activity of PAPSS 
proteins, derivatives and firagmaits can be assayed by various methods known to one 
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skUled in the art (Cuiretit Protocols in Protein Science (1998) CoUgan et al, eds., John 
Wiley & Sons, Inc., Somerset, New Jersey) and as further discussed below. In one 
embodiment, a functionally active PAPSS polypeptide is a PAPSS derivative capable of 
rescuing defective endogenous PAPSS activity, such as. in cell based or animal assays; the 
rescuing derivative may be from the same or a different species. For purposes herein, 
functionally active fragments also include those fragments that comprise one or more 
structural domains of a PAPSS, such as a kinase domain or a binding domain. Protein 
domains can be identified using the PFAM program (Bateman A., et al., Nucleic Acids 
Res, 1999, 27:260-2). For example, the APS kinase domain (PFAM 1583) of PAPSS 
from Gl#s 20127475 4758880 (SEQ ID NOs:ll and 12, respectively) is located at 
approximately amino add residues 51 to 209 and 41-199. Methods for obtaining PAPSS 
polypeptides are also further described below. In some embodiments, preferred fragments 
are functionally active, domain-containing fragments comprising at least 25 contiguous 
amino acids, preferably at least 50, more preferably 75, and most preferably at least 100 
contiguous amino acids of any one of SEQ ID NOs:ll and 12 (a PAPSS). In further 
preferred embodiments, the fragment comprises the entire kinase (functionaUy active) 
domain. 

The term "PAPSS nucleic acid" refers to a DNA or RNA molecule that encodes a 
PAPSS polypeptide. Preferably, the PAPSS polypeptide or nucleic acid or fragment 
thereof is from a human, but can also be an ortholog, or derivative tiiereof with at least 
70% sequence identity, preferably at least 80%, more preferably 85%, still more 
preferably 90%, and most preferably at least 95% sequence identity witii human PAPSS. 
Methods of identifying orthlogs are known in the art. Normally, orthologs in different 
species retain the same function, due to presence of one or more protein motifs and/or 3- 
dimensional stiuctures. Orthologs are generally identified by sequence homology 
analysis, such as BLAST analysis, usually using protem bait sequences. Sequences are 
assigned as a potential ortholog if the best hit sequence from tiie forward BLAST result 
retrieves the original query sequence in the reverse BLAST (Huynen MA and Bork P. 
Proc Nati Acad Sci (1998) 95:5849-5856; Huynen MAetal, Genome Research (2000) 
10:1204-1210). Programs for multiple sequence alignment, such as CLUSTAL 
(Thompson JD et al, 1994, Nucleic Acids Res 22:4673-4680) may be used to highhght 
conserved regions and/or residues of orttiologous proteins and to generate phylogenetic 
trees. In a phylogenetic tree representing multiple homologous sequences from diverse 
species (e.g.. retrieved tiirough BLAST analysis), orthologous sequences from two species 
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generaUy appear closest on the tree with respect to aU other sequences from these two 
species. Structural threading or other analysis of protein folding (e.g., using software by 
ProCeryon, Biosciences, Salzburg, Austria) may also identify potential orthologs. In 
evolution, when a geiie dupUcation event follows speciation, a single gene in one species, 

5 such as C. elegans, may correspond to multiple genes (paralogs) in another, such as 
human. As used herein, the term "orthologs" encompasses paralogs. As used herein, 
"percent (%) sequence identity" with respect to a subject sequence, or a specified portion 
of a subject sequence, is defined as the percentage of nucleotides or amino acids in the 
candidate derivative sequence identical with the nucleotides or amino acids in the subject 

10 sequence (or specified portion thereof), after aligning die sequences and introducing gaps, 
if necessary to achieve the maximum percent sequence identity, as generated by the 
program WU-BLAST-2.0al9 (Altschul et al., J. Mol. Biol. (1997) 215:403-410) with all 
the search parameters set to default values. The HSP S and HSP 82 parameters are 
dynamic values and are established by the program itself dependmg upon the composition 

15 of the particular sequence and composition of the particular database against which the 
sequence of interest is being searched. A % identity value is determined by the number of 
matching identical nucleotides or amino acids divided by the sequence length for which 
the percent identity is being reported. "Percent (%) amino acid sequence similarity" is 
determined by doing the same calculation as for determining % amino acid sequence 

20 identity, but including conservative amino acid substitutions in addition to identical amino 

acids in the computation. 

A conservative amino acid substitution is one in which an amino acid is substituted 
for another amino acid having similar properties such that the folding or activity of the 
protein is not significantiy affected. Aromatic amino acids tiiat can be substituted for each 

25 other are phenylalanine, tiyptophan, and tyrosme; interchangeable hydrophobic amino 
acids are leucine, isoleucine, methionine, and valine; interchangeable polar amino acids 
are glutamine and asparagine; interchangeable basic amino acids are arginine, lysine and 
histidine; interchangeable acidic amino acids are aspartic acid and glutamic acid; and 
interchangeable small amino acids are alanine, serine, threonine, cysteine and glycine. 

30 Alternatively, an alignment for nucleic acid sequences is provided by the local 

homology algorithm of Smith and Waterman (Smith and Waterman, 1981, Advances in 
Applied Mathematics 2:482-489; database: European Bioinformatics Institute; Smith and 
Waterman, 1981, J. of MolecBiol., 147:195-197; Nicholas et al., 1998, "A Tutorial on 
Searching Sequence Databases and Sequence Scoring Methods" (www.psc.edu) and 
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references cited therein.; W.R. Pearson, 1991, Genomics 11:635-650). This algorithm can 
be applied to amino acid sequences by using the scoring matrix developed by Dayhoff 
(Dayhoff: Atlas of Protein Sequences and Structure, M. O. Dayhoff ed., 5 suppl. 3:353- 
358, National Biomedical Research Foundation, Washington, D.C., USA), and normalized 
5 by Gribskov (Gribskov 1986 Nucl. Acids Res. 14(6):6745-6763). The Smith-Waterman 
algorithm may be employed where default parameters are used for scoring (for example, 
gap open penalty of 12, gap extension penalty of two). From the data generated, the 
"Match" value reflects "sequence identity." 

Derivative nucleic acid molecules of the subject nucleic acid molecules include 

10 sequences that hybridize to the nucleic acid sequence of any of SEQ ID NOs: 1-10. The 
stringency of hybridization can be controlled by temperature, ionic strength, pH, and the 
presence of denaturing agents such as formamide during hybridization and washing. 
Conditions routinely used are set out in readily available procedure texts (e.g.. Current 
Protocol in Molecular Biology, Vol. 1, Chap. 2.10, John Wiley & Sons, Publishers (1994); 

15 Sambrook et a/.. Molecular Cloning, Cold Spring Harbor (1989)). In some embodiments, 
a nucleic acid molecule of the invention is capable of hybridizing to a nucleic acid 
molecule containing the nucleotide sequence of any one of SEQ ID NOs: 1-10 under high 
stringency hybridization conditions that are: prehybridization of filters containing nucleic 
acid for 8 hours to overnight at 65° C in a solution comprising 6X single strength citrate 

20 (SSC) (IX SSC is 0. 15 M NaCl, 0.015 M Na citrate; pH 7.0), 5X Denhardfs solution, 

0.05% sodium pyrophosphate and 100 /xg/ml herring sperm DNA; hybridization for 18-20 
hours at 65° C in a solution containing 6X SSC, IX Denhardt's solution, 100 /ig/ml yeast 
tRNA and 0.05% sodium pyrophosphate; and washing of filters at 65° C for Ih in a 
solution containing O.IX SSC and 0.1% SDS (sodium dodecyl sulfate). 

25 In other embodiments, moderately stringent hybridization conditions are used that 

are: pretreatment of filters containing nucleic acid for 6 h at 40° C in a solution containing 
35% formamide, 5X SSC, 50 mM Tris-HCl (pH7.5), 5mM EDTA, 0.1% PVP, 0.1% 
Ficoll, 1% BSA, and 500 /xg/ml denatured salmon sperm DNA; hybridization for 18-20h 
at 40° C in a solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH7,5), 

30 5mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 /xg/ml sahnon sperm DNA, and 
10% (wt/vol) dextran sulfate; followed by washing twice for 1 hour at 55° C in a solution 
containing 2X SSC and 0.1% SDS. 

Alternatively, low stringency conditions can be used that are: incubation for 8 
hours to overnight at 37° C in a solution comprising 20% formamide, 5 x SSC, 50 mM 
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sodium phosphate (pH 7.6), 5X Denhardt's solution, 10% dextran sulfate, and 20 fig/wl 
denatured sheared salmon sperm DNA; hybridization in the same buffer for 18 to 20 
hours; and washing of filters in 1 x SSC at about 37° C for 1 hour. 

Tsolation. Production. Expression, and Mis-exp ression of PAPSS Nucleic Acids and 
Polypeptides 

PAPSS nucleic acids and polypeptides, are useful for identi^ng and testing agents 
that modulate PAPSS function and for other applications related to die involvement of 
PAPSS in the AXIN pathway. PAPSS nucleic adds and derivatives and orthologs thereof 
may be obtained using any available method. For instance, techniques for isolating cDNA 
or genomic DNA sequences of interest by screening DNA libraries or by using polymerase 
chain reaction (PGR) are well known in tiie art. In general, the particular use for the 
protein will dictate the particulars of expression, production, and purification methods. 
For instance, production of proteins for use in screening for modulating agents may 
require methods that preserve specific biological activities of these proteins, whereas 
production of proteins for antibody generation may require stotictiiral integrity of particular 
epitopes. Expression of proteins to be purified for screening or antibody production may 
require the addition of specific tags (e.g., generation of fusion proteins). Overexpression 
of a PAPSS protein for assays used to assess PAPSS function, such as involvement in cell 
cycle regulation or hypoxic response, may require expression in eukaryotic cell lines 
capable of these cellular activities. Techniques for the expression, production, and 
purification of proteins are well known in the art; any suitable means tiierefore may be 
used (e.g., Ifiggins SJ and Hames BD (eds.) Protein Expression: A Practical Approach, 
Oxford University Press Inc., New York 1999; Stanbury PF et al.. Principles of 
Fermentation Technology, 2'"' edition, Elsevier Science, New York, 1995; Doonan S (ed.) 
Protein Purification Protocols, Humana Press, New Jersey, 1996; Coligan JE et al. Current 
Protocols in Protein Science (eds.), 1999, John WUey & Sons, New York). In particular 
embodiments, recombinant PAPSS is expressed in a cell line known to have defective 
AXIN function. The recombinant cells are used in cell-based screening assay systems of 
the invention, as described further below. 

Tlie nucleotide sequence encoding a PAPSS polypeptide can be inserted into any 
appropriate expression vector. The necessary transcriptional and translational signals, 
including promoter^enhanco: element, can dMive from tiie native PAPSS gene and/or its 
flanking regions or can be heterologous. A variety of host-vector expression systems may 

8 
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be Utilized, such as mammalian cell systems infected with virus {e.g. vaccinia virus, 
adenovirus, etc.); insect cell systems infected with virus (e.g. baculovirus); 
microorganisms such as yeast containing yeast vectors, or bacteria transformed with 
bacteriophage, plasmid, or cosmid DNA. An isolated host cell strain that modulates the 
5 expression of, modifies, and/or specificaUy processes die gene product may be used. 

To detect expression of the PAPSS gene product, the expression vector can 
comprise a promoter operably Unked to a PAPSS gene nucleic acid, one or more origins of 
repUcation. and, one or more selectable markers {e.g. thymidine kinase activity, resistance 
to antibiotics, etc.). Alternatively, recombinant expression vectors can be identified by 
10 assaying for die expression of the PAPSS gene product based on die physical or functional 
properties of die PAPSS protein in in vitro assay systems {e.g. immunoassays). 

The PAPSS protein, fiagment, or derivative may be optionally expressed as a 
fusion, or chimeric protein product (i.e. it is joined via a peptide bond to a heterologous 
protein sequence of a different protein), for example to facilitate purification or detection. 
15 A chimeric product can be made by Ugating the appropriate nucleic acid sequences 
encoding the desired amino acid sequences to each otiier using standard metiiods and 
expressing the chimeric product. A chimeric product may also be made by protein 
syntiietic techniques, e.g. by use of a peptide synthesizer (Hunkapiller et al.. Nature (1984) 
310:105-111). 

20 Once a recombinant cell that expresses the PAPSS gene sequence is identified, tiie 

gene product can be isolated and purified using standard methods (e.g. ion exchange, 
affinity, and gel exclusion chromatography, centiifugation; differential solubiUty; 
electrophoresis). Alternatively, native PAPSS protdns can be purified from natural 
sources, by standard methods (e.g. immunoaffinity purification). Once a protein is 

25 obtained, it may be quantified and its activity measured by appropriate metiiods, such as 
immunoassay, bioassay, or otiier measurements of physical properties, such as 
crystallography. 

The methods of this invention may also use cells that have been engineered for 
altered expression (mis-expression) of PAPSS or other genes associated witii tiie AXIN 
30 pathway. As used herein, mis-expression encompasses ectopic expression, over- 
expression, under-expression, and non-expression (e.g. by gene knock-out or blocking 
expression that would otherwise normally occur). 
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Geneticall y »"^^^«*^ smiwuiliB 

Animal models that have been genetically modified to alter PAPSS expression may 
be used in in vivo assays to test for activity of a candidate AXIN modulating agent, or to 
further assess the role of PAPSS in a AXIN pathway process such as apoptosis or cell 
pioUferation. Preferably, the altered PAPSS expression results in a detectable phenotype, 
such as decreased or increased levels of cell proUferation, angiogenesis, or apoptosis 
compared to control animals having normal PAPSS expression. The genetically modified 
animal may additionally have altered AXIN expression (e.g. AXIN knockout). Preferred 
genetically modified animals are mammals such as primates, rodents (preferably mice or 
rats), among others. Preferred non-mammaUan species include zebrafish, C elegcms, and 
Drosophila. Preferred geneticaUy modified animals are transgenic animals having a 
heterologous nucleic acid sequence present as an extrachromosomal element in a portion 
of its cells, i.e. mosaic animals (see, for example, techniques described by Jakobovits. 
1994, Curr. Biol. 4:761-763.) or stably integrated into its germ Une DNA (i.e., in the 
genomic sequence of most or all of its cells). Heterologous nucleic acid is introduced into 
the germ line of such transgenic animals by genetic manipulation of, for example, embryos 
or embryonic stem cells of the host animal. 

Methods of making transgenic animals are well-known in the art (for transgenic 
mice see Brinster et al., Proc. Nat. Acad. Sci. USA 82: 4438-4442 (1985), U.S. Pat. Nos. 
4,736,866 and 4,870,009, both by Leder et al., U.S. Pat. No. 4,873,191 by Wagner et al., 
and Hogan, B., Manipulating the Mouse Embryo, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, N.Y., (1986); for particle bombardment see U.S. Pat. No., 4,945,050, 
by Sandford et al.; for transgenic Drosophila see Rubin and Spradling, Science (1982) 
218:348-53 and U.S. Pat. No. 4,670,388; for transgenic insects see Berghammer A.J. et 
al, A Universal Marker for Transgenic Insects (1999) Nature 402:370-371; for transgenic 
Zebrafish see lin S., Transgenic Zebrafish, Methods Mol Biol. (2000);136:375-3830); for 
microinjection procedures for fish, amphibian eggs and birds see Houdebine and 
Chourrout, Experientia (1991) 47:897-905; for transgenic rats see Hammer et al.. Cell 
(1990) 63:1099-1112; and for culturing of embryonic stem (ES) cells and the subsequent 
production of transgenic animals by the introduction of DNA into ES cells using methods 
such as electroporation, calcium phosphate/DNA precipitation and direct injection see, 
e.g., Teratocarcinomas and Embryonic Stem CeUs, A Practical Approach, E. J. Robertson, 
ed., IRL Press (1987)). Clones of the nonhuman transgenic animals can be produced 
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according to available methods (see Wilmut. L et cd. (1997) Nature 385:810-813; and PCT 
International PubUcation Nos. WO 97/07668 and WO 9^7/01669). 

In one embodiment, the transgenic animal is a 'Tcnock-out" animal having a 
heterozygous or homozygous alteration in the sequence of an endogenous PAPSS gene 
5 that results in a decrease of PAPSS function, preferably such that PAPSS expression is 
undetectable or insignificant Knock-out animals are typically generated by homologous 
recombination with a vector comprising a transgene having at least a portion of the gene to 
be knocked out Typically a deletion, addition or substitution has been introduced into the 
transgene to functionally disrupt it The transgene can be a human gene (e.g., from a 
10 human genomic clone) but more preferably is an ortholog of the human gene derived fxom 
the transgenic host species. For example, a mouse PAPSS gene is used to construct a 
homologous recombination vector suitable for altering an endogenous PAPSS gene in the 
mouse genome. Detailed methodologies for homologous recombination in mice are 
available (see Capecchi. Science (1989) 244:1288-1292; Joyner et al.. Nature (1989) 
15 338:153-156). Procedures for the production of non-rodent transgenic mammals and other 
animals are also available (Houdebine and Chouirout, supra; Pursel et al. Science (1989) 
244: 1281-1288; Simms et al., Bio/Technology (1988) 6: 179-183). In a preferred 
embodiment knock-out animals, such as mice harboring a knockout of a specific gene, 
may be used to produce antibodies against the human counterpart of the gene that has been 
20 knocked out (Claesson MH et al., (1994) Scan J Immunol 40:257-264; Declerck PJ et 
al.. (1995) J Biol Chem. 270:8397-400). 

Jn another embodiment the transgenic animal is a '1cnock-in" animal having an 
alteration in its genome that results in altered expression (e.g.. increased (including 
ectopic) or decreased expression) of the PAPSS gene. e.g.. by introduction of additional 
25 copies of PAPSS, or by operatively inserting a regulatory sequence that provides for 

altered expression of an endogenous copy of the PAPSS gene. Such regulatory sequences 
include inducible, tissue-specific, and constitutive promoters and enhancer elements. The 
knock-in can be homozygous or heterozygous. 

Transgenic nonhuman animals can also be produced that contain selected systems 
30 allowing for regulated expression of the transgene. One example of such a system that 
may be produced is the cre/loxP recombinase system of bacteriophage PI (Lakso et al, 
PNAS (1992) 89:6232-6236; U.S. Pat. No. 4.959.317). If a creAoxP recombinase system 
is used to regulate expression of the transgene. animals containing transgenes encoding 
both the Ore recombinase and a selected protein are required. Such animals can be 
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provided through the construction of "double" transgenic animals, e.g., by mating two 
transgenic animals, one containing a transgene encoding a selected protein and the other 
containing a transgene «icoding a recombinase. Another example of a recombinase 
system is the FLP recombinase system of Saccharomyces cerevisiae (O'Gonnan et al. 
(1991) Science 251:1351-1355; U.S. Pat. No. 5,654,182). In a preferred embodiment, 
both Cre-LoxP and Flp-Frt are used in the same system to regulate expression of the 
transgene, and for sequential deletion of vector sequences in the same cell (Sun X et al 
(2000) Nat Genet 25:83-6). 

The genetically modified animals can be used in genetic studies to further elucidate 
the AXIN pathway, as animal models of disease and disorders implicating defective AXIN 
function, and for in vivo testing of candidate therapeutic agents, such as tiiose identified in 
screens described below. The candidate tiierapeutic agents are administered to a 
genetically modified animal having altered PAPSS function and phenotypic changes are 
compared with appropriate control animals such as genetically modified animals that 
receive placebo treatinent, and/or animals with unaltered PAPSS expression that receive 
candidate therapeutic agent. 

In addition to the above-described genetically modified animals having altered 
PAPSS function, animal models having defective AXIN function (and otiierwise normal 
PAPSS function), can be used in the metiiods of the present invention. For example, a 
AXIN knockout mouse can be used to assess, in vivo, the activity of a candidate AXIN 
modulating agent identified in one of tiie in vitro assays described below. Preferably, tiie 
candidate AXIN modulating agent when administered to a model system with cells 
defective in AXIN function, produces a detectable phenotypic change in the model system 
indicating tiiat the AXIN function is restored, i.e., the cells exhibit normal cell cycle 
progression. 

Modnlatinff Agents 

The invention provides methods to identify agents tiiat interact with and/or 
modulate tiie function of PAPSS and/or die AXIN patiiway. Modulating agents identified 
by the methods are also part of the invention. Such agents are useful in a variety of 
diagnostic and tiierapeutic applications associated witii the AXIN patiiway, as well as in 
further analysis of tiie PAPSS protein and its contribution to tiie AXIN pathway. 
Accordingly, the invention also provides metiiods for modulating the AXIN patiiway 
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comprising the step of specificaUy modvdating PAPSS activity by administering a PAPSS- 
interacting or -modulating agent 

As used lietein, a "PAPSS-modulating agent" is any agent that modulates PAPSS 
function, for example, an agent that interacts with PAPSS to inhibit or enhance PAPSS 

5 activity or otherwise affect normal PAPSS function. PAPSS function can be affected at 
any level, including transcription, protein expression, protein localization, and cellular or 
extra-cellular activity. In a preferred embodiment, the PAPSS - modulating agent 
specifically modulates the function of the PAPSS. The phrases "specific modulating 
agent", "specifically modulates", etc., are used herein to refer to modulating agents that 

10 directly bind to the PAPSS polypeptide or nucleic add, and preferably inhibit, enhance, or 
otherwise alter, the function of the PAPSS. These phrases also encompass modulating 
agents that alter the interaction of the PAPSS with a binding partner, substrate, or cofactor 
(e.g. by binding to a binding partner of a PAPSS, or to a protein/binding partner complex, 
and altering PAPSS function). In a further preferred embodiment, the PAPSS- modulating 

15 agent is a modulator of the AXDST pathway (e.g. it restores and/or upregulates AXIN 
function) and thus is also a AXIN-modulating agent. 

Preferred PAPSS-modulating agents include small molecule compounds; PAPSS- 
interacting proteins, including antibodies and other biotherapeutics; and nucleic acid 
modulators such as antisense and RNA inhibitors. The modulating agents may be 

20 formulated in pharmaceutical compositions, for example, as compositions that may 

comprise other active ingredients, as in combination therapy, and/or suitable carriers or 
excipients. Techniques for formulation and administration of the compounds may be 
found in •'Remington's Pharmaceutical Sciences" Mack Publishing Co., Easton, PA, 19*^ 
edition. 

25 

Small molecule modulators 

Small molecules are often preferred to modulate function of proteins with 
enzymatic function, and/or containing protein interaction domains. Chemical agraits, 
referred to in the art as "small molecule" compounds are typically organic, non-peptide 
30 molecules, having a molecular weight less than 10,000, preferably less than 5,000, more 
preferably less than 1,000, and most preferably less than 500 daltons. This class of 
modulators includes chemically synthesized molecules, for instance, compounds from 
combinatorial chemical libraries. Synthetic compounds may be rationally designed or 
identified based on known or inferred properties of the PAPSS protein or may be 
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identified by screening compound libraries. AltCTnative appropriate modulators of this 
class are natural products, particularly secondary metabolites from organisms such as 
plants or fungi, which can also be identified by screening compound Ubraries for PAPSS- 
modulating activity. Methods for generating and obtaining compounds are well known in 

5 the art (Schreiber SL, Science (2000) 151: 1964-1969; Radmann J and Gunther J, Science 
(2000) 151:1947-1948). 

Small molecule modulators identified from screening assays, as described below, 
can be used as lead compounds from which candidate clinical compounds may be 
designed, optimized, and synthesized. Such cUnicai compounds may have utiUty in 

10 treating pathologies associated with the AXIN pathway. The activity of candidate small 
molecule modulating agents may be improved several-fold through iterative secondary 
functional validation, as finther described below, structure determination, and candidate 
modulator modification and testing. Additionally, candidate cUnical compounds are 
generated with specific regard to clinical and pharmacological properties. For example, the 

15 reagents may be derivatized and re-screened using in vitro and in vivo assays to optimize 
activity and minimize toxicity for pharmaceutical development. 

Protein Modulators 

Specific PAPSS-interacting proteins are useful in a variety of diagnostic and 
20 therapeutic appUcations related to tiie AXIN patiiway and related disorders, as well as in 
validation assays for otiier PAPSS-modulating agents. In a preferred embodiment, 
PAPSS-interacting proteins affect normal PAPSS function, including tianscription, protein 
expression, protein locaHzation, and cellular or extia-cellular activity. In another 
embodiment, PAPSS-interacting proteins are useful in detecting and providing 
25 information about tiie function of PAPSS proteins, as is relevant to AXIN related 
disorders, such as cancer (e.g., for diagnostic means). 

A PAPSS-interacting protein may be endogenous, i.e. one that naturally interacts 
genetically or biochemically witii a PAPSS, such as a member of the PAPSS pathway that 
modulates PAPSS expression, localization, and/or activity. PAPSS-modulators include 
30 dominant negative forms of PAPSS-interacting proteins and of PAPSS proteins 

themselves. Yeast two-hybrid and variant screens offer preferred metiiods for identifying 
endogenous PAPSS-interacting proteins (Finley, R. L. et al. (1996) in DNA Cloning- 
Expression Systems: A Practical Approach, eds. Glover D. & Hames B. D (Oxford 
University Press, Oxford, England), pp. 169-203; Fashema SF et al.. Gene (2000) 250:1- 
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14; Drees BL Curr Opin Chem Biol (1999) 3:64-70; Vidal M and Legrain P Nucleic Acids 
Res (1999) 27:919-29; and U.S. Pat. No. 5,928,868). Mass spectrometry is an alternative 
preferred method for the elucidation of protein complexes (reviewed in, e.g., Pandley A 
and Mann M. Nature (2000) 405:837-846; Yates JR 3"', Trends Genet (2000) 16:5-8). 

5 An PAPSS^nteracting protein may be an exogenous protein, such as a PAPSS- 

specific antibody or a T-cell antigen receptor (see, e.g., Harlow and Lane (1988) 
Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory; Harlow and Lane 
(1999) Using antibodies: a laboratory manual. Cold Spring Harbor, NY: Cold Spring 
Harbor Laboratory Press). PAPSS antibodies are further discussed below. 

10 • In preferred ernbodiments, a PAPSS-interacting protein specifically binds a PAPSS 

protein. In alternative preferred embodiments, a PAPSS-modulating agent binds a PAPSS 
substrate, binding partner, or cof actor. 

Antibodies 

15 In another embodiment, the protein modulator is a PAPSS specific antibody 

agonist or antagonist. The antibodies have therapeutic and diagnostic utilities, and can be 
used in screening assays to identify PAPSS modulators. The antibodies can also be used 
in dissecting the portions of the PAPSS pathway responsible for various ceUular responses 
and in the general processing and maturation of the PAPSS. 

20 Antibodies that specifically bind PAPSS polypeptides can be generated using 

known methods. Preferably the antibody is specific to a mammalian ortholog of PAPSS 
polypeptide, and more preferably, to human PAPSS. Antibodies may be polyclonal, 
monoclonal (mAbs), humanized or chimeric antibodies, single chain antibodies. Fab 
fragmrats, F(ab').sub.2 fragments, fragmente produced by a FAb expression library, anti- 

25 idiotyi»c (anti-Id) antibodies, and epitope-binding fragments of any of the above. 
Epitopes of PAPSS which are particularly antigenic can be selected, for exanq)le, by 
routine screening of PAPSS polypeptides for antigenicity or by applying a theoretical 
method for selecting antigenic regions of a protein (Hopp and Wood (1981), Proc. Nati. 
Acad. Sci. U.S.A. 78:3824-28; Hopp and Wood, (1983) Mol. Inmiunol. 20:483-89; 

30 SutcUffe et al., (1983) Science 219:660-66) to the amino acid sequence shown in SEQ ID 
NOs:ll or 12. Monoclonal antibodies witii affinities of 10^ M* preferably 10* M"^ to 10^" 
MS or stronger can be made by standard procedures as described (Harlow and Lane, 
supra; Coding (1986) Monoclonal Antibodies: Principles and Practice (2d ed) Academic 
Press, New York; and U.S. Pat. Nos. 4,381,292; 4,451,570; and 4,618,577). Antibodies 
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may be generated against crude ceU extracts of PAPSS or substantiaUy purified fragments 
thereof. K PAPSS fragments are used, they preferably comprise at least 10, and more 
preferably, at least 20 contiguous amino acids of a PAPSS protein. In a particular 
embodiment, PAPSS-specific antigens and/or immunogens are coupled to carrier proteins 
5 that stimulate the immune response. For example, the subject polypeptides are covalently 
coupled to the keyhole limpet hemocyanin (KLH) carrier, and the conjugate is emulsified 
in Freund's complete adjuvant, which enhances the inmiune response. An appropriate 
immune system such as a laboratory rabbit or mouse is immunized according to 
conventional protocols. 

10 The presence of PAPSS-spedfic antibodies is assayed by an appropriate assay such 

as a solid phase enzyme-linked immunosoibant assay (EUSA) using unmobiUzed 
corresponding PAPSS polypeptides. Other assays, such as radioimmunoassays or 
fluorescent assays might also be used. 

Chimeric antibodies specific to PAPSS polypeptides can be made that contain 
15 different portions from different animal species. For instance, a human immunoglobulin 
constant region may be Unked to a variable region of a murine mAb, such that the 
antibody derives its biological activity from tiie human antibody, and its binding 
specificity from the murine fragment. Chimeric antibodies are produced by splicing 
together genes that encode the appropriate regions from each species (Morrison et al., 
20 Proc. Natl. Acad. Sci. (1984) 81:6851-6855; Neuberger et al., Nature (1984) 312:604-608; 
Takeda et al.. Nature (1985) 31:452-454). Humanized antibodies, which are a form of 
chimeric antibodies, can be generated by grafting complementary-determining regions 
(CDRs) (Carlos, T. M., J. M. Harlan. 1994. Blood 84:2068-2101) of mouse antibodies 
into a background of human framework regions and constant regions by recombinant 
25 DNA technology (Riechmann IM. et al., 1988 Nature 323: 323-327). Humanized 

antibodies contain -10% murine sequences and -90% human sequences, and thus furttier 
reduce or eliminate immunogenicity, while retaining tfie antibody specificities (Co MS, 
and Queen C. 1991 Nature 351: 501-501; Morrison SL. 1992 Ann. Rev. Immun. 
10:239-265). Himianized antibodies and methods of tiieir production are well-known in 
30 the art (U.S. Pat. Nos. 5,530,101. 5,585,089, 5,693,762, and 6.180,370). 

PAPSS-specific single chain antibodies which are recombinant, single chain 
polypeptides formed by Unking the heavy and Ught chain fiagments of tiie Fv regions via 
an amino add bridge, can be produced by methods known in the art (U.S. Pat. No. 
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4,946,778; Bird, Science (1988) 242:423-426; Huston et al., Proc. Nafl. Acad. Sci. USA 
(1988) 85:5879-5883; and Ward et al., Nature (1989) 334:544-546). 

Other suitable techniques for antibody production involve in vitro exposure of 
lymphocytes to the antigenic polypeptides or alternatively to selection of libraries of 
5 antibodies in phage or similar vectors (Huse et al., Science (1989) 246:1275-1281). As 
used herein, T-cell antigen receptors are included within the scope of antibody modulators 
(Harlow and Lane, 1988, supra). 

The polypeptides and antibodies of the present invention may be used with or 
without modification. Frequently, antibodies wiU be labeled by joining, either covalently 
10 or non-covalently, a substance that provides for a detectable signal, or that is toxic to ceUs 
that express the targeted protein (Menard S, et al., Iht J. Biol Markers (1989) 4:131-134). 
A wide variety of labels and conjugation techniques are known and are reported « 
extensively in both the scientific and patent Uterature. Suitable labels include 
radionuclides, enzymes, substrates, cofactors, inhibitors, fluorescent moieties, fluorescent 
15 emitting lanthanide metals, chemiluminescent moieties, bioluminescent moieties, 
magnetic particles, and the Uke (U.S. Pat. Nos. 3,817.837; 3.850,752; 3.939,350; 
3,996,345; 4,277,437; 4,275,149; and 4,366,241). Also, recombinant inmnunoglobulins 
may be produced (U.S. Pat. No. 4,816,567). Antibodies to cytoplasmic polypeptides may 
be deUvered and reach tiieir targets by conjugation with membrane-penetrating toxin 
20 proteins (U.S. Pat. No. 6,086,900). 

When used therapeutically in a patient, the antibodies of the subject invention are 
typically administered parenterally. when possible at the target site, or intravenously. The 
therapeutically effective dose and dosage regimen is determined by cUnical studies. 
Typically, the amount of antibody administered is in the range of about 0.1 mg^g -to 
25 about 10 mg/kg of patient weight. For parenteral administration, the antibodies are 
formulated in a unit dosage injectable form (e.g., solution, suspension, emulsion) in 
association with a pharmaceutically acceptable vehicle. Such vehicles are inherently 
nontoxic and non-therapeutic. Examples are water, saline. Ringer's solution, dextrose 
solution, and 5% human serum albumin. Nonaqueous vehicles such as fixed oils, ethyl 
30 oleate, or liposome carriers may also be used. The vehicle may contain minor amounts of 
additives, such as buffers and preservatives, which enhance isotonicity and chemical 
stabiUty or otherwise enhance therapeutic potential. The antibodies' concentrations in 
such vehicles are typically in the range of about 1 mg/ml to aboutlO mg/ml. 
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Immunotherapeutic methods are fiirther described in the Uterature (US Pat. No. 5,859.206; 
WO0073469). 



Nucleic Acid Modulators 

Other preferred PAPSS-modulating agents comprise nucleic acid molecules, such 
as antisense oUgomers or double stranded RNA (dsRNA), which generally inhibit PAPSS 
activity. Preferred nucleic acid modulators interfere with the function of the PAPSS 
nucleic acid such as DNA replication, transcription, translocation of the PAPSS RNA to 
the site of protein translation, ti^slation of protein from tiie PAPSS RNA, splicing of tiie 
PAPSS RNA to yield one or more mRNA species, or catalytic activity which may be 
engaged in or facilitated by the PAPSS RNA. 

In one embodiment, the antisense oligomer is an oUgonucleotide that is sufficiently 
complementary to a PAPSS mRNA to bind to and prevent tianslation, preferably by 
binding to the 5' untranslated region. PAPSS-specific antisense oUgonucleotides, 
preferably range from at least 6 to about 200 nucleotides. In some embodiments the 
oUgonucleotide is preferably at least 10, 15, or 20 nucleotides in length. lii other 
embodiments, the oligonucleotide is preferably less than 50, 40, or 30 nucleotides in 
length. The oUgonucleotide can be DNA or RNA or a chimeric mixture or derivatives or 
modified versions thereof, single-stimided or double-stiranded. The oUgonucleotide can be 
modified at tiie base moiety, sugar moiety, or phosphate backbone. The oUgonucleotide 
may include other appending groups such as peptides, agents that faciUtate transport 
across the cell membrane, hybridization-tiiggered cleavage agents, and intercalating 
agents. 

In another embodiment, the antisense oUgomer is a phosphothioate morphoUno 
oUgomer (PMO). PMOs are assembled fix)m four different morphoUno subunits, each of 
which contain one of four genetic bases (A, C, G, or T) Unked to a six-membered 
morphoUne ring. Polymers of these subunits are joined by non-ionic phosphodiamidate 
intersubunit Unkages. Details of how to make and use PMOs and other antisense 
oUgomers are well known in tiie art (e.g. see W099/18193; Probst JC, Antisense 
OUgodeoxynucleotide and Ribozyme Design, Metiiods. (2000) 22(3):271-281; Summerton 
J, and Weller D. 1997 Antisense Nucleic Acid Drug Dev. :7:187-95; US Pat. No. 
5,235.033; and US Pat No. 5.378,841). 

Alternative preferred PAPSS nucleic acid modulators are double-stranded RNA 
species mediating RNA interference (RNAi). RNAi is the process of sequence-specific. 
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post-transcriptional gene sUencing in animals and plants, initiated by double-stranded 
RNA (dsRNA) that is homologous in sequence to the silenced gene. Methods relating to 
the use of RNAi to silence genes in C. elegojis, Drosophila, plants, and humans are known 
in the art (Fire A, et al., 1998 Nature 391:806-811; Fire, A. Trends Genet. 15, 358-363 
(1999); Sharp, P. A. RNA interference 2001. Genes Dev. 15, 485-490 (2001); Hanomond, 
S. M., et al.. Nature Rev. Genet. 2, 110-1119 (2001); Tuschl, T. Chem. Biochem. 2, 239- 
245 (2001); Hamilton, A. et al., Science 286, 950-952 (1999); Hammond, S, M., et al.. 
Nature 404, 293-296 (2000); Zamore, P. D., et al.. Cell 101, 25-33 (2000); Bernstein, E., 
et al.. Nature 409. 363-366 (2001); Elbashir, S. M.. et al.. Genes Dev. 15, 188-200 
(2001);WCK)129058;WO9932619;HbashirSM,etal., 2001 Nature 411:494-498). 

Nucleic acid modulators are commonly used as research reagents, diagnostics, and 
therapeutics. For example, antisense oligonucleotides, which are able to inhibit gene 
expression with exquisite specificity, are often used to elucidate the function of particular 
genes (see, for example, U.S. Pat. No. 6,165,790). Nucleic acid modulators are also used, 
for example, to distinguish between functions of various members of a biological patiiway. 
For example, antisense oligomers have been employed as tiierapeutic moieties in the 
treatment of disease states in animals and man and have been demonstrated in numerous 
cUnical trials to be safe and effective (Milligan JF, et al. Current Concepts in Antisense 
Drug Design, J Med Chem. (1993) 36: 1923-1937; Tonkinson XL et al, Antisense 
OUgodeoxynucleotides as Clinical Therapeutic Agents, Cancer Invest. (1996) 14:54-65). 
Accordingly, in one aspect of the invention, a PAPSS-specific nucleic acid modulator is 
used in an assay to further elucidate ttie role of the PAPSS in flie AXIN patiiway, and/or 
its relationship to other members of tiie patiiway. In another aspect of the invention, a 
PAPSS-specific antisense oligomer is used as a tiierapeutic agent for tisatinent of AXIN- 
related disease states. 

Assay Systems 

The invention provides assay systems and screening methods for identifying 
specific modulators of PAPSS activity. As used herein, an "assay system" encompasses 
all the components required for performing and analyzing results of an assay tiiat detects 
and/or measures a particular event. In general, primary assays are used to identify or 
confirm a modulator's specific biochemical or molecular effect witii respect to tiie PAPSS 
nucleic acid or protein. In general, secondary assays further assess tiie activity of a 
PAPSS modulating agent identified by a primary assay and may confirm that the 
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modulating agent affects PAPSS in a manner relevant to the AXIN pathway. In some 
cases, PAPSS modulators will be directly tested in a secondary assay. 

In a preferred embodiment, the screening method comprises contactmg a suitable 
assay system comprising a PAPSS polypeptide or nucleic acid with a candidate agent 
under conditions whereby, but for the presence of the agent, the system provides a 
reference activity (e.g. kinase activity), which is based on tiie particular molecular event 
the screening method detects. A statistically significant difference between tiie agent- 
biased activity and die reference activity indicates tiiat die candidate agent modulates 
PAPSS activity, and hence the AXEST pathway. The PAPSS polypeptide or nucleic acid 
used in the assay may comprise any of the nucleic acids or polypeptides described above 



Primary Assays 

The type of modulator tested generally determines tiie type of primary assay. 
Primary assays for small molecule modulators 

For small molecule modulators, screening assays are used to identify candidate 
modulators. Screening assays may be cell-based or may use a cell-free system tiiat 
leeieates or retains tiie relevant biochemical reaction of tiie target protein (reviewed in 
Sittampalam GS et al, Cutr Opin Chem Biol (1997) 1:384-91 and accompanying 
references). As used herein ttie term "cell-based" refers to assays using hve cells, dead 
cells, or a particular cellular fraction, such as a membrane, endoplasmic reticulum, or 
mitochondrial fraction. The term "cell free" encompasses assays usmg substantially 
purified protein (eitiier endogenous or recombinantiy produced), partiaUy purified or crude 
cellular extracts. Screening assays may detect a variety of molecular events, including 
protein-DNA interactions, protein-protein interactions (e.g., receptor-ligand binding), 
transcriptional activity (e.g., using a reporter gene), enzymatic activity (e.g., via a property 
of the subshrate), activity of second messengers, immunogenicty and changes in cellular 
morphology or otiier cellular characteristics. Appropriate screening assays may use a wide 
range of detection metiiods including fluorescent, radioactive, colorimetiic, 
spectrophotometiic, and amperometric metiiods, to provide a read-out for the particular 

molecular event detected. 

Cell-based screening assays usually require systems for recombinant expression of 
PAPSS and any auxiliary proteins demanded by die particular assay. Appropriate metiiods 
for generating recombinant proteins produce sufficient quantities of protems fliat retain 
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their relevant biological activities and are of sufficient purity to optimize activity and 
assure assay reproducibility. Yeast two-hybrid and variant screens, and mass spectrometry 
provide preferred methods for detennining protein-protein interactions and elucidation of 
protein complexes. In certain appUcations, when PAPSS-interacting proteins are used in 
screens to identify small molecule modulators, the bmding specificity of the interacting 
protein to the PAPSS protein may be assayed by various known metiiods such as substrate 
processing (e.g. abiUty of the candidate PAPSS-specific binding agents to function as 
negative effectors m PAPSS-expressing cells), binding equilibrium constants (usually at 
least about 10^ M\ preferably at least about 10^ M"', more preferably at least about lO' M" 

and immunogenidty (e.g. abiUty to eUcit PAPSS specific antibody in a heterologous 
host such as a mouse, rat, goat or rabbit). For enzymes and receptors, bmding may be 
assayed by, respectively, substrate and ligand processing. 

The screening assay may measure a candidate agent's ability to specifically bind to 
or modulate activity of a PAPSS polypeptide, a fusion protein tiiereof , or to cells or 
membranes bearing the polypeptide or fusion protem. The PAPSS polypeptide can be full 
length or a fi-agment thereof that retains functional PAPSS activity. The PAPSS 
polypeptide may be fused to another polypeptide, such as a peptide tag for detection or 
anchoring, or to another tag. The PAPSS polypeptide is preferably human PAPSS, or is 
an ortholog or derivative thereof as described above. In a preferred embodiment, the 
screening assay detects candidate agent-based modulation of PAPSS interaction with a 
binding target, such as an endogenous or exogenous protein or other substrate that has 
PAPSS -specific binding activity, and can be used to assess normal PAPSS gene function. 

Suitable assay formats tiiat may be adapted to screen for PAPSS modulators are 
known in the art. Preferred screening assays are high tiuoughput or ultia high tiooughput 
and thus provide automated, cost-effective means of screening compound Ubraries for lead 
compounds (Femandes PB, Curr Opin Chem Biol (1998) 2:597-603; Sundberg SA, Curr 
Opin Biotechnol 2000, 11:47-53). In one preferred embodiment, screening assays uses 
fluorescence technologies, including fluorescence polarization, time-resolved 
fluorescence, and fluorescence resonance energy tiransfer. These systems offer means to 
monitor protein-protein or DNA-protein interactions in which the intensity of the signal 
emitted from dye-labeled molecules depends upon their interactions with partner 
molecules (e.g., Selvin PR, Nat Stiuct Biol (2000) 7:730-4; Femandes PB, supra; 
Hertzberg RP and Pope AJ, Curr Opin Chem Biol (2000) 4:445-451). 
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A variety of suitable assay systems may be used to identify candidate PAPSS and 
AXIN pathway modulators (e.g. U.S. Pat. No. 6,165,992 (kinase assays); U.S. Pat. Nos. 
5,550,019 and 6,133,437 (apoptosis assays); and U.S. Pat. Nos. 5,976,782, 6,225,118 and 
6,444,434 (angiogenesis assays), among others). Specific preferred assays are described 
5 in more detail below. 

Kinase assays. In some preferred embodiments the screening assay detects the 
ability of the test agent to modulate the kinase activity of a PAPSS polypeptide. In further 
embodiments, a cell-free kinase assay system is used to identify a candidate AXIN 
10 modulating agent, and a secondary, cell-based assay, such as an apoptosis or hypoxic 
induction assay (described below), may be used to further characterize the candidate 
AXESf modulating agent Many different assays for kinases have been reported in the 
Uterature and are well known to those skilled in the art (e.g. U.S. Pat. No. 6,165,992; Zhu 
et al.. Nature Genetics (2000) 26:283-289; and WO0073469). Radioassays, which 
15 monitor the transfer of a gamma phosphate are frequentty used. For instance, a 
scintillation assay for p56 (}ck) kinase activity monitors the transfer of the gamma 
phosphate from gamma ATP to a biotinylated peptide substirate; the substrate is 
captured on a streptavidin coated bead that transmits tiie signal (Beveridge M et al., J 
Biomol Screen (2000) 5:205-212). This assay uses the scintillation proximity assay 
20 (SPA), in which only radio-Ugand bound to receptors tethered to the surface of an SPA 

bead are detected by the scintillant immobilized within it, allowing binding to be measured 
without separation of bound from free ligand. 

Other assays for protein kinase activity may use antibodies that specifically 
recognize phosphorylated substirates. For instance, the kmase receptor activation (BORA) 
25 assay measures receptor tyrosme kinase activity by Ugand stimulating the intact receptor 
in cultured cells, then capturing solubilized receptor with specific antibodies and 
quantifying phosphorylation via phosphotyrosine ELESA (Sadick MD, Dev Biol Stand 
(1999)97:121-133). 

Another example of antibody based assays for protein kinase activity is TRF (time- 
30 resolved fluorometry). This metiiod utilizes europium chelate-labeled anti- 

phosphotyrosine antibodies to detect phosphate teansf er to a polymeric substrate coated 
onto microtiter plate wells. The amount of phosphorylation is then detected using time- 
resolved, dissociation-enhanced fluorescence (Braunwalder AF, et al.. Anal Biochem 1996 
Jul l;238(2):159-64). ' 
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Apoptosis assays. Assays for apoptosis may be planned by tenninal 
deoxynucleotidyl transferase-mediated digoxigenin-ll-dUTP nick end labeUng (TUNEL) 
assay. The TUNEL assay is used to measuie nuclear DNA fragmentation characteristic of 
apoptosis ( Lazebnik et al, 1994, Nature 371, 346), by following the incorporation of 
fluotescein-dUTP (Yonehara et al, 1989, J. Exp. Med. 169, 1747). Apoptosis may further 
be assayed by acridine orange staining of tissue culture cells (Lucas, R., et al., 1998, Blood 
15:4730-41). Other cell-based apoptosis assays include the caspase-3/7 assay and the cell 
death nucleosome ELIS A assay. The caspase 3/7 assay is based on the activation of tiie 
caspase cleavage activity as part of a cascade of events that occur during programmed cell 
death in many apoptotic pathways. In the caspase 3/7 assay (commercially available Apo- 
ONE™ Homogeneous Caspase-3/7 assay from Promega, cat# 67790), lysis buffer and 
caspase substoate are mixed and added to ceUs. The caspase substiate becomes fluorescent 
when cleaved by active caspase 3/7. The nucleosome ELESA assay is a general cell death 
assay known to those skilled in the art, and available commercially (Roche, Cat# 
1774425). This assay is a quantitative sandwich-enzyme-immunoassay which uses 
monoclonal antibodies directed against DNA and histones respectively, thus specifically 
, determining amount of mono- and oligonucleosomes in the cytoplasmic fraction of cell 
lysates. Mono and oligonucleosomes are enriched in the cytoplasm during apoptosis due 
to the fact that DNA fragmentation occurs several hours before the plasma membrane 
breaks down, allowing for accumalation in the cytoplasm. Nucleosomes are not present in 
ttie cytoplasmic fraction of cells tiiat are not undergoing apoptosis. An apoptosis assay 
system may comprise a cell tiiat expresses a PAPSS, and that optionally has defective 
AXIN ftinction (e.g. AXIN is over-expressed or under-expressed relative to wild-type 
cells). A test agent can be added to ihe apoptosis assay system and changes in induction 
of apoptosis relative to controls where no test agent is added, identify candidate AXIN 
modulating agents. In some embodiments of die invoition, an apoptosis assay may be 
used as a secondary assay to test a candidate AXIN modulating agents that is initially 
identified using a cell-free assay system. An apoptosis assay may also be used to test 
whether PAPSS function plays a direct role in apoptosis. For example, an apoptosis assay 
may be performed on cells that over- or under-express PAPSS relative to wild type cells. 
Differences in apoptotic response compared to wild type cells suggests that tiie PAPSS 
plays a direct role in die apoptotic response. Apoptosis assays are described further in US 
Pat. No. 6,133,437. 
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Cell proliferation and cell cycle assays. Cell proliferation may be assayed via 
bromodeoxyuridine (BRDU) incorporation. This assay identifies a cell population 
undergoing DNA synthesis by incorporation of BRDU into newly-synthesized DNA. 
Newly-synthesized DNA may then be detected using an anti-BRDU antibody (Hoshino et 
5 aZ., 1986, Int. J. Cancer 38, 369; Campana et al, 1988, J. Inmiunol. Meth. 107, 79), or by 
other means. 

Cell proliferation is also assayed via phospho-histone H3 staining, which identifies 
a cell population undergoing mitosis by phosphorylation of histone H3. Phosphorylation 
of histone H3 at serine 10 is detected using an antibody specfic to the phosphorylated form 

10 of the serine 10 residue of histone H3. (Chadlee J).N. 1995, J. Biol. Chem 270:20098- 

105). Cell Proliferation may also be examined using [^-thymidine incorporation (Chen, 
J., 1996, Oncogene 13:1395-403; Jeoung, J., 1995, J. Biol. Chem. 270:18367-73). This 
assay allows for quantitative characterization of S-phase DNA syntheses. In this assay, 
cells synthesizing DNA will incorporate [^-thymidine mto newly synthesized DNA. 

15 Incorporation can then be measured by standard techniques such as by counting of 
radioisotope in a scintillation counter (e.g., Beckman LS 3800 Liquid Scintillation 
Counter). Another proliferation assay uses the dye Alamar Blue (available from 
Biosource International), which fluoresces when reduced in living cells and provides an 
indirect measurement of ceU number (Voytik-Harbin SL et al., 1998, In Vitro Cell Dev 

20 Biol Anim 34:239-46). Yet another proUferation assay, the MTS assay, is based on in 

vitro cytotoxicity assessment of industrial chemicals, and uses the soluble tetrazolium salt, 
MTS. MTS assays are conunercially available, for example, the Promega CellTiter 96 
AQueous Non-Radioactive Cell Proliferation Assay (Cat.# G5421). 

Cell proliferation may also be assayed by colony formation in soft agar (Sambrook 

25 et al., Molecular Cloning, Cold Spring Harbor (1989)). For example, ceUs transformed 
with PAPSS are seeded in soft agar plates, and colonies are measured and counted after 
two weeks incubation. 

CeD proliferation may also be assayed by measuring ATP levels as indicator of 
metabolically active cells. Such assays are commercially available, for example Cell 

30 Titer-Glo™, which is a luminescent homogeneous assay available from Promega. 

Involvement of a gene in the cell cycle may be assayed by flow cytometry (Gray 
JW et al. (1986) Lit J Radiat Biol Relat Stud Phys Chem Med 49:237-55). Cells 
transfected with a PAPSS may be stained with propidium iodide and evaluated in a flow 
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cytometer (available from Becton Dickinson), which indicates accumulation of cells in 
different stages of the cell cycle. 

Accoidingly, a cell proliferation or cell cycle assay system may comprise a cell 
that expresses a PAPSS, and that optionally has defective AXIN function (e.g. AXDST is 

5 over-expressed or under-expressed relative to wild-type cells). A test agent can be added 
to the assay system and changes in cell proliferation or cell cycle relative to controls where 
no test agent is added, identify candidate AXIN modulating agents. In some embodiments 
of the invention, the cell proliferation or cell cycle assay may be used as a secondary assay 
to test a candidate AXIN modulating agents that is initially identified using another assay 

10 system such as a cell-ftee assay system. A cell proliferation assay may also be used to test 
whether PAPSS function plays a direct role in cell proliferation or cell cycle. For 
example, a cell proliferation or cell cycle assay may be performed on cells that over- or 
under-express PAPSS relative to wild type cells. Differences in proUferation or cell cycle 
compared to wild type cells suggests that the PAPSS plays a direct role in ceU 

15 proliferation or cell cycle. 

Angiogenesis. Angiogenesis may be assayed using various human endothelial cell 
systems, such as umbilical vein, coronary artery, or dermal cells. Suitable assays include 
Alamar Blue based assays (available from Biosource Intemational) to measure 

20 • proliferation; migration assays using fluorescent molecules, such as the use of Becton 
Dickinson Falcon HTS HuoroBlock ceU culture inserts to measure migration of cells 
through membranes in presence or absence of angiogenesis enhancer or suppressors; and 
tubule formation assays based on the formation of tabular stiuctures by endothelial cells 
on Matrigel® (Becton Dickinson). Accordingly, an angiogenesis assay system may 

25 comprise a cell that expresses a PAPSS. and tiiat optionally has defective AXIN function 
(e.g. AXIN is over-expressed or under-expressed relative to wild-type cells). A test agent 
can be added to the angiogenesis assay system and changes in angiogenesis relative to 
contirols where no test agent is added, identify candidate AXDST modulating agents. In 
some embodiments of the invention, the angiogenesis assay may be used as a secondary 

30 assay to test a candidate AXIN modulating agents tiiat is initially identified using another 
assay system. An angiogenesis assay may also be used to test whether PAPSS function 
plays a direct role in cell proliferation. For example, an angiogenesis assay may be 
performed on cells that over- or under-express PAPSS relative to wild type cells. 
Differences in angiogenesis compared to wild type cells suggests that the PAPSS plays a 
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direct role in angiogenesis. U.S. Pat Nos. 5.976.782, 6.225.118 and 6,444,434, among 
others, describe various angiogenesis assays. 

Hypoxic induction. The alpha subunit of the transcription factor, hypoxia 
inducible factor-1 (HF-l), is upregulated in tumor cells following exposure to hypoxia in 
vitro. Under hypoxic conditions, HIF-1 stimulates the expression of genes known to be 
important in tumour cell survival, such as tiiose encoding glyolytic enzymes and VEGF. 
Induction of such genes by hypoxic conditions may be assayed by growing cells 
transfected witii PAPSS in hypoxic conditions (such as with 0.1% 02, 5% C02, and 
balance N2, generated in a Napco 7001 incubator (Precision Scientific)) and normoxic 
conditions, followed by assessment of gene activity or expression by Taqman®. For 
example, a hypoxic induction assay system may comprise a cell fliat expresses a PAPSS, 
and that optionally has defective AXIN function (e.g. AXEST is over-expressed or under- 
expressed relative to wild-type cells). A test agent can be added to the hypoxic induction 
assay system and changes in hypoxic response relative to contiiols where no test agent is 
added, identify candidate AXIN modulating agents. In some embodiments of flie 
invention, tiie hypoxic induction assay may be used as a secondary assay to test a 
candidate AXIN modulating agents tiiat is initially identified using another assay system. 
A hypoxic induction assay may also be used to test whetiier PAPSS function plays a direct 
role in the hypoxic response. For example, a hypoxic induction assay may be performed 
on cells that over- or under-express PAPSS relative to wild type cells. Differences in 
hypoxic response compared to wild type cells suggests tiiat tiie PAPSS plays a direct role 
in hypoxic induction. 

Cell adhe^on. Cell adhesion assays measure adhesion of cells to purified 
adhesion proteins, or adhesion of cells to each other, in presence or absence of candidate 
modulating agents. CeU-protein adhesion assays measure the ability of agents to modulate 
ttie adhesion of cells to purified proteins. For example, recombinant proteins are 
produced, diluted to 2.5g/mL in PBS, and used to coat tiie wells of a microtiter plate. The 
wells used for negative control are not coated. Coated wells are tiien washed, blocked 
with 1% BSA, and washed again. Compounds are diluted to 2x final test concentration 
and added to tiie blocked, coated wells. CeUs are tiien added to tfie wells, and flie unbound 
cells are washed off. Retained cells are labeled directiy on tiie plate by adding a 
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membiane-penneable fluorescent dye, such as calcdn-AM. and the signal is quantified in 

a fluorescent microplate reader. 

CeU-cell adhesion assays measure the. ability of agents to modulate binding of cell 

adhesion proteins with their native Ugands. These assays use cells that naturally or 
5 lecombinantly express the adhesion protein of choice. In an exemplary assay, cells 

expressing the cell adhesion protein are plated in wells of a multiwell plate. Cells 

expressing the Ugand are labeled with a membrane-permeable fluorescent dye, such as 

BCECF , and allowed to adhere to the monolayers in the presence of candidate agents. 

Unbound cells are washed off, and bound cells are detected using a fluorescence plate 
10 reader. 

High-throughput cell adhesion assays have also been described. In one such assay, 
small molecule Ugands and peptides are bound to the surface of microscope slides usmg a 
microarray spotter, intact cells are then contacted with the sUdes, and unbound cells are 
washed off. In this assay, not only the binding specificity of the peptides and modulators 
15 against cell lines are determined, but also the functional cell signaling of attached cells 
using immunofluorescence techniques in situ on the microchip is measured (Falsey JR et 
al., Bioconjug Chem. 2001 May-Jun;12(3):346-53). 

Tubulogenesis. Tubulogenesis assays monitor the ability of cultured cells, 
20 generally endotheUal cells, to form tubular structures on a matrix substrate, which 

generally simulates the environment of the extracellular matrix. Exemplary substrates 
include Matrigel™ (Becton Dickinson), an extract of basement membrane proteins 
containing laminin, coUagen IV, and heparin sulfate proteoglycan, which is Uquid at 4° C 
and forms a soUd gel at ZT C. Other suitable matrices comprise extracellular components 
25 such as collagen, fibronectin, and/or fibrin. Cells are stimulated with a pro-angiogenic 
stimulant, and then: ability to form tubules is detected by imaging. Tubules can generally 
be detected after an overnight incubation witii stimuU, but longer or shorter time firames 
may also be used. Tube formation assays are well known in tiie art (e.g., Jones MK et al., 
1999, Natiire Medicine 5:1418-1423). These assays have traditionally involved 
30 stimulation witii serum or witii tiie growtii factors FGF or VEGF. Serum represents an 
undefined source of growtii factors. In a preferred embodiment, ttie assay is performed 
witii ceUs cultured in serum free medium, in order to control which process or patiiway a 
candidate agent modulates. Moreover, we have found tiiat different target genes respond 
differenfly to stimulation witii different pro-angiogenic agents, including inflammatory 
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angiogenic factors such as TNF-alpa. Thus, in a fiiither preferred embodinaent, a 
tubulogenesis assay system comprises testing a PAPSS's response to a variety of factors, 
such as FGF, VEGF, phorbol myristate acetate (PMA), TNF-alpha, ephrin, etc. 

5 Cell Migration. An invasion/migration assay (also called a migration assay) tests 

the ability of cells to overcome a physical barrier and to migrate towards pro-angiogenic 
signals. Migration assays are known in the art (e.g., Paik JH et al., 2001, J Biol Chem 
276:11830-11837). In a typical experimental set-up, cultured endothelial cells are seeded 
onto a matrix-coated porous lamina, with pore sizes generally smaller than typical cell 

10 size. The matrix generally simulates the environment of the extracellular matrix, as 

described above. The lamina is typically a membrane, such as the transwell polycarbonate 
membrane (Coming Costar Corporation, Cambridge, MA), and is generally part of an 
upper chamber that is in fluid contact with a lower chamber containing pro-angiogenic 
stimuli. Migration is generally assayed after an overnight incubation with stimuli, but 

15 longer or shorter time frames may also be used. Migration is assessed as the number of 
cells that crossed the lamina, and may be detected by staining cells with hemotoxylin 
solution (VWR Scientific, South San Francisco, CA), or by any other method for 
determining cell number. In another exemplary set up, cells are fluorescently labeled and 
migration is detected using fluorescent readings, for instance using the Falcon HTS 

20 FluoroBlok (Becton Dickinson). While some migration is observed in the absence of 
stimulus, migration is greatly increased in response to pro-angiogenic factors. As 
described above, a preferred assay system for migration/invasion assays comprises testing 
a PAPSS's response to a variety of pro-angiogenic factors, including tumor angiogenic and 
inflammatory angiogenic agents, and culturing the cells in seram free medium. 

25 

Sproutiiig assay. A sprouting assay is a three-dimensional in vitro angiogenesis 
assay that uses a cell-number defined spheroid aggregation of endothelial cells 
("spheroid"), embedded in a collagen gel-based matrix. The spheroid can serve as a 
starting point for the sprouting of capillary-like structures by invasion into the 
30 extracellular matrix (termed "cell sprouting") and the subsequent formation of complex 
anastomosing networks (Korff and Augustin, 1999, J CeU Sci 1 12:3249-58). In an 
exemplary experimental set-up, spheroids are prepared by pipetting 400 human umbilical 
vein endothelial cells into individual wells of a nonadhesive 96-well plates to allow 
overnight spheroidal aggregation (Korff and Augustin: J Cell Biol 143: 1341-52, 1998). 
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Spheroids are harvested and seeded in 900^1 of methocel-coUagen solution and pipetted 
into individual weUs of a 24 well plate to allow collagen gel polymerization. Test agpnts 
are added after 30 min by pipetting 100 fil of lO-fold concentrated working dilution of the 
test substances on top of the gel. Plates are incubated at 37°C for 24h. Dishes are fixed at 
the end of the experimental incubation period by addition of paraformaldehyde. Sprouting 
intensity of endotheUal cells can be quantitated by an automated image analysis system to 
determine the cumulative sprout length per spheroid. 

Primary assess for antibody modulators 

For antibody modulators, appropriate primary assays test is a binding assay that 
tests the antibody's affinity to and specificity for the PAPSS protein. Methods for testing 
antibody affinity and specificity are well known in the art (Harlow and Lane, 1988, 1999, 
supra). The enzyme-Unked immunosoibant assay (ELISA) is a prefened method for 
detecting PAPSS-specific antibodies; others include FACS assays, radioimmunoassays, 

and fluorescent assays. 

In some cases, screening assays described for small molecule modulators may also 

be used to test antibody modulators. 

Primary assays for nucleic acid modulators 

For nucleic acid modulators, primary assays may test the ability of the nucleic acid 
modulator to inhibit or enhance PAPSS gene expression, preferably mRNA expression. In 
general, expression analysis comprises comparing PAPSS expression in like populations 
of cells (e.g„ two pools of cells that endogenously or recombinantly express PAPSS) in 
the presence and absence of the nucleic acid modulator. Methods for analyzing mRNA 
and protein expression are well known in the art. For instance. Northern blotting, slot 
blotting, ribonuclease protection, quantitative RT-PCR {e.g., using the TaqMan®. PE 
AppUed Biosystems), or microarray analysis may be used to confirm that PAPSS mRNA 
expression is reduced in cells ti-eated with the nucleic acid modulator (e.g., Current 
Protocols in Molecular Biology (1994) Ausubel FM et al, eds. , John Wiley & Sons, Inc., 
chapter 4; Reeman WM et al, Biotechniques (1999) 26:1 12-125; Kallioniemi OP. Ann 
Med 2001, 33: 142-147; Blohm DH and Guiseppi-EUe, A Curr Opin Biotechnol 2001, 
12:41-47). Protein expression may also be monitored. Proteins are most commonly 
detected with specific antibodies or antisera directed against either the PAPSS protein or 
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specific peptides. A variety of means including Western blotting, BUS A, or in situ 
detection, are available (Harlow E and Lane D, 1988 and 1999, supra). 

In some cases, screening assays described for small molecule modulators, 
particularly in assay systems that involve PAPSS mRNA expression, may also be used to 
test nucleic acid modulators. 

Secondary Assays 

Secondary assays may be used to further assess the activity of PAPSS-modulating 
agent identified by any of the above methods to confirm that the modulating agent affects 
PAPSS in a manner relevant to the AXIN pathway. As used herein, PAPSS-modulating 
agents encompass candidate clinical compounds or other agents derived from previously 
identified modulating agent. Secondary assays can also be used to test the activity of a 
modulating agent on a particular genetic or biochemical pathway or to test the specificity 
of the modulating agent's interaction vwth PAPSS. 

Secondary assays generally compare like populations of cells or animals two 
pools of cells or animals that endogenously or recombinantiy express PAPSS) in the 
presence and absence of tiie candidate modulator. In general, such assays test whether 
treatment of cells or animals with a candidate PAPSS-modulating agent results in changes 
in the AXIN pathway in comparison to untreated (or mock- or placebo-treated) cells or 
animals. Certain assays use "sensitized genetic backgrounds", which, as used herein, 
describe cells or animals engineered for altered expression of graes in the AXIN or 
interacting pathways. 

Cell-based assays 

Cell based assays may detect endogenous AXIN pathway activity or may rely on 
recombinant expression of AXIN pathway components. Any of the aforementioned 
assays may be used in this cell-based format Candidate modulators are typically added to 
the ceD media but may also be injected into cells or delivered by any other efficacious 
means. 

Aniinal Assays 

A variety of non-human animal models of normal or defective AXDsT pathway may 
be used to test candidate PAPSS modulators. Models for defective AXIN pathway 
typically use genetically modified animals that have been engineered to mis-express 
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over-express or lack expression in) genes involved in the AXIN pathway. Assays 
generally require systemic delivery of the candidate modulators, such as by oral 
administration, injection, etc. 

In a preferred embodiment, AXIN pathway activity is assessed by monitoring 
neovascularization and angiogenesis. Animal models with defective and normal AXEST 
are used to test the candidate modulator's affect on PAPSS in Matrigel® assays. 
Matrigel® is an extract of basement membrane proteins, and is composed primarily of 
laminin, collagen IV, and heparin sulfate proteoglycan. It is provided as a sterile Uquid at 
4° C, but rapidly forms a solid gel at 37° C. Liquid Matrigel® is mixed with various 
angiogenic agents, such as bFGF and VEGF, or with human tumor cells which over- 
express the PAPSS. The mixture is then injected subcutaneously(SC) into female athymic 
nude mice (Taconic, Germantown, NY) to support an intense vascular response. Mice 
with Matrigel® pellets may be dosed via oral (PO), intraperitoneal (IP), or mtravenous 
QV) routes with the candidate modulator. Mice are euthanized 5-12 days post-injection, 
and the Matrigel® pellet is harvested for hemoglobin analysis (Sigma plasma hemoglobin 
kit). Hemoglobin content of die gel is found to correlate the degree of neovascularization 
in the gel. 

In another preferred embodiment, the effect of the candidate modulator on PAPSS 
is assessed via tumorigenicity assays. Tumor xenograft assays are known in the art (see, 
e.g., Ogawa K et al., 2000, Oncogene 19:6043-6052). Xenografts are typically implanted 
SC into female athymic mice, 6-7 week old, as single cell suspensions either from a pre- 
existing tumor or from in vitro culture. The tumors which express the PAPSS 
endogenously are injected in the flank, 1 x 10^ to 1 x 10^ cells per mouse in a volume of 
100 mL using a 27gauge needle. Mice are then ear tagged and tumors are measured twice 
weekly. Candidate modulator treatment is initiated on the day the mean tumor wdght 
reaches 100 mg. Candidate modulator is delivered IV, SC, IP, or PO by bolus 
administration. Depending upon the pharmacokinetics of each unique candidate 
modulator, dosing can be performed multiple times per day. Hie tumor weight is assessed 
by measuring perpendicular diameters with a caliper and calculated by multiplying the 
measurements of diameters in two dimensions. At the end of the experiment, the excised 
tumors maybe utilized for biomarker identification or further analyses. For 
immunohistochemistry staining, xenograft tumors are fixed in 4% paraformaldehyde, 
O.IM phosphate, pH 7.2, for 6 hours at 4°C, immersed in 30% sucrose in PBS, and rapidly 
frozen in isopentane cooled with liquid nitrogen. 

31 



wo 2004/013309 



T/US2003/024562 



In another preferred embodiment, tumoiogenicity is monitored using a hoUow fiber 
assay, which is described in U.S. Pat No. US 5.698,413. Briefly, the method comprises 
implanting into a laboratory animal a biocompatible, semi-permeable encapsulation device 
containing target ceUs, treating the laboratory animal with a candidate modulating agent, 
and evaluating the target cells for reaction to the candidate modulator. Implanted cells are 
generally human ceUs fi»m a pre-existing tumor or a tumor cell line. After an appropriate 
period of time, generally around six days, the implanted samples are harvested for 
evaluation of the candidate modulator. Tuniorogenicity and modulator efficacy may be 
evaluated by assaying the quantity of viable cells present in the macrocapsule, which can 
be determined by tests known in the art, for example. MTT dye conversion assay, neutral 
red dye uptake, trypan blue staining, viable cell counts, the number of colonies formed in 
soft agar, the capacity of the cells to recover and repUcate in vitro, etc. 

In another preferred embodiment, a tumorogenicity assay use a transgenic animal, 
usually a mouse, carrying a dominant oncogene or tumor suppressor gene knockout under 
the control of tissue specific regulatory sequences; these assays are generally referred to as 
transgenic tumor assays. In a preferred application, tumor development in the transgenic 
model is weU characterized or is controlled. In an exemplary model, the "RIPl-Tag2" 
transgene, comprising the SV40 large T-antigen oncogene under control of the insuUn 
gene regulatory regions is expressed in pancreatic beta cells and results in islet cell 
carcinomas (Hanahan D, 1985, Nature 315:115-122; Parangi S et al, 1996, Proc Natl Acad 
Sci USA 93: 2002-2007; Bergers G et al, 1999, Science 284:808-812). An "angiogenic 
switch," occurs at approximately five weeks, as normally quiescent capillaries in a subset 
of hyperproliferative islets become angiogenic. The RIP1-TAG2 mice die by age 14 
weeks. Candidate modulators may be administered at a variety of stages, including just 
prior to the angiogenic switch (e.g., for a model of tumor prevention), during the growth of 
small tumors (e.g., for a model of intervention), or during the growth of large and/or 
invasive tumors (e.g., for a model of regression). Tumorogenicity and modulator efficacy 
can be evaluating Ufe-span extension and/or tumor characteristics, including number of 
tumors, tumor size, tumor morphology, vessel density, apoptotic index, etc. 



Diagnostic and therapeutic uses 

Specific PAPSS-modulating agents are useful in a variety of diagnostic and 
therapeutic appUcations where disease or disease prognosis is related to defects in ti 
AXIN pathway, such as angiogenic, apoptotic, or cell proliferation disorders. 
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Accordingly, the invention also provides methods for modulating the AXIN pathway in a 
cell, preferably a ceU pre-determined to have defective or impaired AXIN function (e.g. 
due to oveiexpression, undeiexpression, or misexpression of AXIN, or due to gene 
mutations), comprising the step of administering an agent to the cell tiiat specifically 
modulates PAPSS activity. Preferably, the modulating agent produces a detectable 
phenotypic change in the cell indicating tiiat the AXIN function is restored. The phrase 
'function is restored", and equivalents, as used herein, means tiiat the desired phenotype is 
achieved, or is brought closer to normal compared to untreated cells. For example, witii 
restored AXIN function, cell proUferation and/or progression through cell cycle may 
normalize, or be brought closer to normal relative to untireated cells. The invention also 
provides metiiods for treating disorders or disease assodated witii impaired AXIN 
function by administering a tiierapeutically effective amount of a PAPSS -modulating 
agent tiiat modulates die AXIN pathway. The invention further provides methods for 
modulating PAPSS function in a cell, preferably a cell pre-determined to have defective or 
impaired PAPSS function, by administering a PAPSS -modulating agent. Additionally, 
die invention provides a metiiod for treating disorders or disease associated with impaired 
PAPSS function by administering a tiierapeutically effective amount of a PAPSS - 
modulating agent 

The discovery tiiat PAPSS is impUcated in AXIN patiiway provides for a variety of 
metiiods tfiat can be employed for tiie diagnostic and prognostic evaluation of diseases and 
disorders involving defects in ttie AXIN patiiway and for the identification of subjects 
having a predisposition to such diseases and disorders. 

Various expression analysis methods can be used to diagnose whethca: PAPSS 
expression occurs in a particular sample, including Northern blotting, slot blotting, 
ribonuclease protection, quantitative RT-PCR, and microatray analysis. (e.g.. Current 
Protocols in Molecular Biology (1994) Ausubel FM et aZ., eds., John Wiley & Sons, Inc., 
chapter 4; Freeman WM et al, Biotechniques (1999) 26:112-125; KaUioniemi OP, Ann 
Med 2001, 33:142-147; Blohm and Guiseppi-EUe, Curr Opin Biotechnol 2001, 12:41-47). 
Tissues having a disease or disorder imphcating defective AXIN signaling tiiat express a 
PAPSS, are identified as amenable to treatment witii a PAPSS modulating agent. In a 
preferred appUcation, ttie AXIN defective tissue overexpresses a PAPSS relative to normal 
tissue. For example, a Northern blot analysis of mRNA from tumor^and normal cell lines, 
or from tumor and matching normal tissue samples from tiie same patient, using full or 
partial PAPSS cDNA sequences as probes, can determine whether particular tiraiors 
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express or oveiexpiess PAPSS. Alternatively, the TaqMan® is used for quantitative RT- 
PCR analysis of PAPSS expression in cell lines, normal tissues and tumor samples (PE 
Applied Biosystems). 

Various other diagnostic methods may be performed, for example, utilizing 

5 reagents such as the PAPSS oligonucleotides, and antibodies directed against a PAPSS, as 
described above for: (1) the detection of die presence of PAPSS gene mutations, or the 
detection of eitiier over- or under-expression of PAPSS mRNA relative to the non-disorder 
state; (2) flie detection of either an over- or an under-abundance of PAPSS gene product 
relative to the non-disorder state; and (3) the detection of perturbations or abnormalities in 

10 the signal transduction pathway mediated by PAPSS. 

Thus, in a specific embodiment, die invention is drawn to a method for diagnosing 
a disease or disorder in a patient that is associated wifli alterations in PAPSS expression, 
the metiiod comprising: a) obtaining a biological sample from the patient; b) contacting 
the sample witii a probe for PAPSS expression; c) comparing results from step (b) witii a 

15 control; and d) determining whetiier step (c) indicates a likelihood of the disease or 

disorder. Preferably, die disease is cancer, most preferably a cancer as shown in TABLE 
1. The probe may be either DNA or protein, including an antibody. 

EXAMPLES 

20 The following experimental section and examples are offered by way of illustration 

and not by way of limitation. 

L C. eleeans AXIN screen 
We have foimd that the temperature-sensitive, reduction-of-function pry-i mutant 
25 mu38 grown at 15*'C produces a ruptured vulva (Rvl) phenotype by which about 95% of 
animals become eviscerated and die at die L4 molt. The pry-1 Rvl mutant phenotype is 
suppressed by loss-of-function mutations in the beta-catenin ortfiolog bar-1 and the TCP 
ortholog pop-1. The Rvl phenotype can also be generated by gain-of-function mutations 
in fcar- J/beta-catenin tiiat eliminate die consensus GSK3-beta phosphorylation sites and 
30 are predicted to prevent Axin-mediated degradation of BAR-1 . 

We designed a genetic screen to identify genes in addition to fcar-i/beta-catenin 
and pop-l/TCP that act positively in beta-catenin signaling and, when inactivated, 
suppress the Rvl mutant phenotype of pry-i/Axin. The function of individual genes was 
inactivated by RNAi in pry-1 (mu38) LI larvae, and suppression of die Rvl phenotype was 
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scored as a statisticaUy significant increase in the proportion of larvae that survived to 
adulthood without rupturing. Suppressor genes were subsequently counterscreened to 
eliminate those that appeared to suppress the pry-1 mutant non-specifically, rather than 
those that specifically functioned in beta-catenin signaling. Suppressor genes that did not 
block vulva formation in a wildtype background, and that did not suppress die Rvl 
phenotype of two mutations in genes unrelated to beta-catenin signaUng (lin-l/Ets and dctf- 
18/FTEN) WCTe considered to be specific pry-1/ Axin suppressors. These suppressor 
genes, when inactivated, likely suppress beta-catenin*s inappropriate transcriptional 
activation of target genes and, therefore, may be relevant for cancer tiierapy. 

T14G10-1 was a suppressor. Orthologs of the modifiers are referred to herein as 
PAPSS. 

BLAST analysis (Altschul et al., supra) was employed to identify orthologs of 
Drosophila modifiers. For example, representative sequences firam PAPSS, 
Gl#s20127475 and 4758880 (SEQ ID NOs:ll and 12), share 58% and 57% amino acid 
identity, respectively, with the C.elegans T14G10.1. 

Various domains, signals, and functional subunits in proteins were analyzed using 
the PSORT (Nakai K., and Horton P., Trends Biochem Sci, 1999, 24:34-6; Kenta Nakai, 
Protein sorting signals and prediction of subcellular localization. Adv. Protein Chem. 54, 
277-344 (2000)), PFAM (Bateman A., et al., Nucleic Acids Res, 1999, 27:260-2), 
SMART (Pouting CP, et al., SMART: identification and annotation of domains from 
signaling and extracellular protein sequences. Nucleic Acids Res. 1999 Jan 1;27(1):229- 
32), TM-HMM (Enk L.L. Sonnhammer, Gunnar von Heijne, and Anders Krogh: A hidden 
Markov model for predicting transmembrane helices in protein sequences. In Proc. of 
Sixth Int. Conf, on InteUigent Systems for Molecular Biology, p 175-182 Ed J. Glasgow, 
T. littlejohn, F. Major. R. Lathrop, D. Sankoff, and C. Sensen Menlo Park, CA: AAAI 
Press, 1998), and clust (Remm M, and Sonnhammer E. Classification of transmembrane 
protein families in the Caenorhabditis elegans genome and identification of human 
orthologs. Genome Res. 2000 Nov;10(ll): 1679-89) programs. For example, the APS 
kinase domain (PFAM 1583) of PAPSS from GI#s 20127475 4758880 (SEQ ID NOs:ll 
and 12, respectively) is located at approximately amino acid residues 51 to 209 and 41- 
199. 
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n. Hieh-Throu^hput In Vitm Fluoresc ence Polarization Assay 
Fluorescently-labeled PAPSS peptide/substrate are added to each weU of a 96-well 
microtiter plate, along with a test agent in a test buffer (10 mM HEPES, 10 mM NaCl, 6 
mM magnesium chloride, pH 7.6). Changes in fluorescence polarization, determined by 
using a FluoroUte FPM-2 Huorescence Polarization Microtiter System (Dynatech 
Laboratories, Inc), relative to control values indicates the test compound is a candidate 
modifier of PAPSS activity. 

JJL High-HirDUghPUt In V itm Rinding Assav. 

^¥-labeled PAPSS peptide is added in an assay buffer (100 mM KCl, 20 mM 
HEPES pH 7.6, 1 mM Mga2. 1% glycerol, 0.5% NP-40, 50 mM beta-mercaptoethanol, 1 
mg/ml BS A, cocktail of protease inhibitors) along witii a test agent to tiie wells of a 
Neutralite-avidin coated assay plate and incubated at 25°C for 1 hour. Biotinylated 
substrate is then added to each well and incubated for 1 hour. Reactions are stopped by 
washing with PBS, and counted m a scintillation counter. Test agents tiiat cause a 
difference in activity relative to control without test agent are identified as candidate 
AXIN modulating agents. 

IV. TminunoprecipitatiOD g »rir\ Tmm unoblotting 

For copredpitation of tiansfected proteins, 3 x 10* appropriate recombinant ceUs 
containing the PAPSS proteins are plated on 10-cm dishes and tiansfected on tfie 
following day with expression constiiicts. The total amount of DNA is kept constant in 
each tiansfection by adding empty vector. After 24 h, cells are collected, washed once 
with phosphate-buffered saline and lysed for 20 min on ice in 1 ml of lysis buffer 
containing 50 mM Hepes, pH 7.9, 250 mM NaCl, 20 mM -glycerophosphate, 1 mM 
sodium orthovanadate, 5 mM p-nitiophenyl phosphate, 2 mM ditiiiothreitol, protease 
inhibitors (complete, Roche Molecular Biochemicals), and 1% Nonidet P-40. Cellular 
debris is removed by centrifugation twice at 15,000 x g for 15 min. The cell lysate is 
incubated witii 25 fil of M2 beads (Sigma) for 2 h at 4 "C witii genfle rocking. 

After extensive washing with lysis buffer, proteins bound to the beads are 
solubilized by boihng in SDS sample buffer, fractionated by SDS-polyacrylamide gel 
electrophoresis, tiansferred to polyvinylidene difluoride membrane and blotted with the 
indicated antibodies. Th& reactive bands are visualized with horseradish peroxidase 
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coupled to the appropriate secondary antibodies and the enhanced chemiluminescence 
(ECL) Western blotting detection system (Amersham Pharmacia Biotech). 

V. Kinase assay 

5 A purified or partially purified PAPSS is diluted in a suitable reaction buffer, e.g., 

50 mM Hepesi pH 7.5, containing magnesium chloride or manganese chloride (1-20 mM) 
and a peptide or polypeptide substrate, such as myelin basic protein or casein (1-10 
jiig/ml). The final concentration of the kinase is 1-20 nM. The enzyme reaction is 
conducted in microtiter plates to facilitate optimization of reaction conditions by 

10 increasing assay throughput A 96-well microtiter plate is employed using a final volume 
30-100 fil. The reaction is initiated by the addition of ^^-gamma-ATP (0.5 ptCi/ml) and 
incubated for 0,5 to 3 hours at room temperature. Negative controls are provided by the ^ 
addition of EDTA, which chelates die divalent cation (Mg2**' or Mn^*^ required for 
enzymatic activity. Following the incubation, the enzyme reaction is quenched using 

15 EDTA. Samples of the reaction are transferred to a 96-well glass fiber filter plate 

(Multiscreen, Millipore). The filters are subsequenfly washed with phosphate-buffered 
saline, dilute phosphoric acid (0.5%) or other suitable medium to remove excess 
radiolabeled ATP. Scintillation cocktail is added to the filter plate and the incorporated 
radioactivity is quantitated by scintillation counting (Wallac/Perkin Elmer). Activity is 

20 defined by the amount of radioactivity detected following subtraction of the negative 
control reaction value (EDTA quench). 

VI. Expression analvsis 

All cell lines used in the following experiments are NCI (National Cancer Institute) 
25 lines, and are available from ATCC (American Type Culture Collection, Manassas, VA 
201 10-2209). Normal and tumor tissues were obtained from Impath, UC Davis, Clontech, 
Stratagene, Ardais, Genome Collaborative, and Ambion. 

TaqMan analysis was used to assess expression levels of the disclosed genes in 
various samples. 

30 RNA was extracted firom each tissue sample using Qiagen (V alencia, CA) RNeasy 

kits, following manufacturer's protocols, to a final concentration of 50ng/pl. Single 
stranded cDNA was then synthesized by reverse transcribing the RNA samples using 
random hexamers and 500ng of total RNA per reaction, following protocol 4304965 of 
Applied Biosystems OPoster City, CA). 
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Primers for expression analysis using TaqMan assay (Applied Biosystems, Foster 
City, CA) were prepared according to the TaqMan protocols, and the following criteria: a) 
primer pairs were designed to span introns to eliminate genomic contamination, and b) 
each primer pair produced only one product. Expression analysis was performed using a 

5 7900HT instrument. 

Taqman reactions were carried out following manufacturer's protocols, in 25 nl 
total volume for 96-well plates and 10 ^1 total volume for 384-well plates, using SOOnM 
primer and 250 nM probe, and approximately 25ng of cDNA. The standard curve for 
result analysis was prepared using a univ^al pool of human cDNA samples, which is a 

10 mixture of cDNAs from a wide variety of tissues so that the chance that a target will be 
loesent in appreciable amounts is good. The raw data were normalized using 18S rRNA 
(universally expressed in all tissues and cells). 

For each expression analysis, tumor tissue samples were compared with matched 
normal tissues from the same patient. A gene was considered overexpressed in a tumor 

15 when the level of expression of the gene was 2 fold or higher in the tumor compared with 
its matched normal sample. In cases where normal tissue was not available, a universal 
pool of cDNA samples was used instead. In these cases, a gene was considered 
overexpressed in a tumor sample when the difference of expression levels between a 
tumor sample and the average of all normal samples from the same tissue type was greater 

20 than 2 times the standard deviation of all normal samples (i.e.. Tumor - average(all normal 
samples) > 2 x STDEV(all normal samples) ). 

Results are shown in Table 1. Number of pairs of tumor samples and matched 
normal tissue from the same patient are shown for each tumor type. Percentage of the 
samples with at least two-fold overexpression for each tumor type is provided. A 

25 modulator identified by an assay described herein can be further validated for tiierapeutic 
effect by administration to a tumor in which the gene is overexpressed. A decrease in 
mmor growth confirms therapeutic utility of the modulator. Prior to ti^eating a patient witii 
the modulator, the likelihood that the patient will respond to treatment can be diagnosed 
by obtaining a tumor sample from the patient, and assaying for expression of the gene 

30 targeted by the modulator. The expression data for the gene(s) can also be used as a 
diagnostic marker for disease progression. The assay can be performed by expression 
analysis as described above, by antibody directed to the gene target, or by any other 
available detection method. 
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Vn. PAPSS functional assays 

RNAi experiments were carried out to knock down expression of PAPSS in 
5 various cell lines using small interfering RNAs (siRNA, Elbashir et al, supra). 

Effect of PAPSS RNAi on ceU proliferation. BrdU and Cell Titer-Glo™ assays, as 
described above, were employed to study the effects of decreased PAPSS expression on 
cell proliferation. RNAi of PAPSS of SEQ ED NO:6 decreased proliferation in lX-1 lung 
cancer ceUs and in 23 IT breast cancer cells. RNAi of PAPSS of SEQ ID NO:10 
10 decreased proliferation in LX-1 lung cancer cells. MTS cell proliferation assay, as 

described above, was also employed to study the effects of decreased PAPSS expression 
on cell proliferation. RNAi of PAPSS of SEQ ID NO:6 decreased proliferation in A549 
lung cancer cells, LXl cells, HCTl 16 colon cancer cells, LNCAP prostate cancer cells, 
and SKBR3 breast cancer cells. RNAi of PAPSS of SEQ ID NO: 10 decreased 
IS prolif^tion in 

Effect of PAPSS RNAi on apoptosis. Nucleosome EUSA apoptosis assay, as 
described above, was employed to study the effects of decreased PAPSS expression on 
apoptosis. RNAi of PAPSS of SEQ ID NO:6 increased apoptosis in LXl and A549 cells, 
whereas RNAi of PAPSS of SEQ ID NO: 10 had no affect on apoptosis 
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Effect of PAPSS RNAi on cell cycle. Propidium iodide (PI) cell cycle assay, as 
described above, was employed to study the effects of decreased PAPSS expression on 
cell cycle. RNAi of PAPSS of SEQ ID NO:6 caused a sub Gl induction in LXl, SKBR3, 
and A549 cells. RNAi of PAPSS of SEQ ID NO:10 caused a sub Gl induction in SKBR3 

5 and LNCAP cells. 

Colony formation assays, as described above were employed to stady effects of 
RNAi of PAPSS on colony growth. RNAi of PAPSS of SEQ ID NO:6 decreased colony 

growth in UCl cells. 

RNAi of PAPSS of both SEQ ID NO:6 and SEQ ID NO: 10 also decreased beta- 

10 catenin pathway signaling. 

Overexpression of PAPSS of SEQ ID NO:5 along with RAS oncogene increased 
transformation of 3T3 cells as compared with RAS alone or SEQ ID NO:5 alone. 

Overexpression of PAPSS of SEQ ID NO:9 modulated expression of the following 
transcription factors: AP2, B2F, TFUD, BM3. and STAT3. 

15 
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WHAT IS CLAIMED IS: 

1. A method of identifying a candidate AXDSf pathway modulating agent, said method 

comprising the steps of: 
5 (a) providing an assay system comprising a PAPSS polypeptide or nucleic acid; 

(b) contacting the assay system with a test agent under conditions whereby, but for 
the presence of the test agent, the system provides a reference activity; and 

(c) detecting a test agent-biased activity of the assay system, wherein a difference 
between the test agent-biased activity and the reference activity identifies the test agent as 

10 a candidate AXIN pathway modulating agent. 

2. The method of Claim 1 wherein the assay system comprises cultured cells that express 
the PAPSS polypeptide. 

15 3. The method of Claim 2 wherein the cultured ceUs additionally have defective AXDSf 
function. 

4. The method of Claim 1 wherein the assay system includes a screening assay 
comprising a PAPSS polypeptide, and the candidate test agent is a smaU molecule 

20 modulator. 

5. The method of Claim 4 wherein the assay is a kinase assay, 

6. The method of Claim 1 wherein the assay system is selected from the group consisting 
25 of an apoptosis assay system, a cell proliferation assay system, an angiogenesis assay 

system, and a hypoxic induction assay system. 

7. The method of Claim 1 wherein tiie assay system includes a binding assay comprising s 
PAPSS polypeptide and the candidate test agent is an antibody. 

30 

8. The method of Claim 1 wherein the assay system includes an expression assay 
comprising a PAPSS nucleic acid and tiie candidate test agent is a nucleic acid modulator. 

9. The method of Claim 8 wherein the nucleic acid modulator is an antisense oligomer. 
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10. The method of Claim 8 wherein the nucleic acid modulator is a PMO. 

11. The method of Claim 1 additionally comprising: 

(d) administering the candidate AXIN pathway modulating agent identified in (c) 
5 to a model system comprising cells defective in AXIN function and, detecting a 

phenotypic change in the model system that indicates that the AXIN function is restored. 

12. The method of Claim 11 wherein the model system is a mouse model with defective 
AXIN function. 

10 

13. A method for modulating a AXIN pathway of a cell comprising contacting a cell 
defective in AXIN function with a candidate modulator that specifically binds to a PAPSS 
polypeptide, whereby AXIN function is restored. 

15 14. The method of Claim 13 wherein the candidate modulator is administered to a 

vertebrate animal predetermined to have a disease or disorder resulting from a defect in 
AXEM function. 

15, The method of Claim 13 wherein the candidate modulator is selected from the group 
20 consisting of an antibody and a small molecule. 

16. The method of Claim 1, comprising the additional steps of: 

(e) providing a secondary assay system comprising cultured cells or a non-hxmian 
animal expressing PAPSS , 

25 (f) contacting the secondary assay system with the test agent of (b) or an agent 

derived therefirom under conditions whereby, but for the presence of the test agent or agent 
derived therefrom, the system provides a reference activity; and 

(g) detecting an agent-biased activity of the second assay system, 
wherein a difference between the agent-biased activity and the reference activity of 
30 the second assay system confirms the test agent or agent derived therefrom as a candidate 
AXIN pathway modulating agent, 

and wherein the second assay detects an agent-biased change in the AXIN 

pathway. 
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17. The method of Claim 16 wherein the secondaary assay system comprises cultured 
cells. 

18. The method of Claim 16 wherein the secondary assay system comprises a non-human 
5 animal. 

19. The method of Claim 18 wherein the non-human animal mis-expresses a AXIN 
pathway gene. 

10 20. A method of modulating AXIN pathway in a mammalian cell comprising contacting 
the cell with an agent that specifically binds a PAPSS polypeptide or nucleic acid. 

21. The method of Claim 20 wherein the agent is administered to a manomalian animal 
predetermined to have a pathology associated with the AXIN pathway. 

15 

22. The method of Claim 20 wherein the agent is a small molecule modulator, a nucleic 
acid modulator, or an antibody. 

23. A method for diagnosing a disease in a patient comprising: 
20 (a) obtaining a biological sample from the patient; 

(b) contacting the sample with a probe for PAPSS expression; 

(c) comparing results from step (b) with a control; 

(d) determining whether step (c) indicates a likelihood of disease. 

25 24. The method of Claim 23 wherein said disease is cancer. 

25. The method according to Claim 24, wherein said cancer is a cancer as shown in Table 
1 as having >25% expression level. 

30 
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SEQUENCE LISTING 

<110> EXELIXIS INC. 

<120> PAPSSs AS MOFIFIERS OF THE i^IN PATHWAY AND METHODS OF USB 
<130> EX03-058C-PC 

<150> US 60/401,534 
<151> 2002-08-07 

<160> 12 

<170> PatentIn version 3.2 

<210> 1 

<211> 2265 

<212> DNA 

<213> Homo sapiens 

<400> 1 

ccggctgctc agcgcgctcc gcggtcatgg agatccccgg gagcttgtgc aagaaagtca 

agctgagcaa taacgcgcag aactggggaa tgcagagagc aaccaatgtc acctaccaag 120 

cccatcatgt cagcaggaac aagagaggtc aggtggtggg gaccagaggt ggctttcgtg 180 

gttgcacagt ttggctaaca ggcttgtctg gagcgggaaa gactactgtg agcatggcct 240 
tggaggagta cctggtttgt catggtattc catgctacac tctggatggt gacaatattc 
gtcaaggtct caataaaaat cttggcttta gtcctgaaga cagagaagag aatgttcgac 

gcatcgcaga agttgctaaa ctgtttgcag atgctggctt agtgtgcatc acaagtttca 420 

tatcacctta cactcaggat cgcaacaatg caaggcaaat tcatgaaggt gcaagtttac 480 

cgttttttga agtatttgtt gatgctcctc tgcatgtttg tgaacagagg gatgtcaaag 540 

gactctacaa aaaagcccgg gcaggagaaa ttaaaggttt cactgggatc gattctgaat 600 

atgaaaagcc agaggcccct gagttggtgc tgaaaacaga ctcctgtgat gtaaatgact 660 

gtgtccagca agttgtggaa cttctacagg aacgggatat tgtacctgtg gatgcatctt 720 

atgaagtaaa agaactatat gtgccagaaa ataaacttca tttggcaaaa acagatgcgg 780 

aaacattacc agcactgaaa attaataaag tggatatgca gtgggtgcag gttttggcag 840 

aaggttgggc aaccccattg aatggcttta tgagagagag ggagtacttg cagtgccttc 900 

attttgattg tcttctggat ggaggtgtca ttaacttgtc agtacctata gttctgactg 960 

cgactcatga agataaagag aggctggacg gctgtacagc atttgctctg atgtatgagg 1020 

gccgccgtgt ggccattctt cgcaatccag agttttttga gcacaggaaa gaggagcgct 1080 

gtgccagaca gtggggaacg acatgcaaga accaccccta tattaagatg gtgatggaac 1140 

aaggagattg gctgattgga ggagatcttc aagtcttgga tcgagtttat tggaatgatg 1200 

gtcttgatca gtatcgtctt actcctactg agctaaagca gaaatttaaa gatatgaatg 1260 

1 



300 
360 



wo 2004/013309 



7US2003/024562 



ctgatgctgt ctttgcattt caactacgca acccagtgca caatggacat gccctgttaa 1320 

tgcaggatac ccataagcaa cttctagaga ggggctaccg gcgccctgtc ctcctcctcc 1380 

accctctggg tggctggaca aaggatgacg atgttccttt gatgtggcgt atgaagcagc 1440 

atgctgcagt gttggaggaa ggagttctga atcctgagac gacagtggtg gccatcttcc 1500 

catctcccat gatgtatgct ggaccaactg aggtccagtg gcattgcaga gcacggatgg 1560 

ttgcaggagc caacttttac attgttggac gagaccctgc tggcatgcct catccagaaa 1620 

cagggaagga tctttatgag ccaagtcatg gtgccaaagt gctgacgatg gcccctggtt 1680 

taatcacttt ggaaatagtt ccctttcgag ttgcagctta caacaagaaa aagaagcgta 1740 

tggactacta tgactctgaa caccatgaag actttgaatt tatttcagga acacgaatgc 1800 

gcaaacttgc tcgagaaggc cagaaaccac ctgaaggttt catggctccc aaggcttgga 1860 

ccgtgctgac agaatactac aaatccttgg agaaagctta ggctgttaac ccagtcactc 1920 

cacctttgac acattactag taacaagagg ggaccacata gtctctgttg gcatttcttt 1980 

gtggtgtctg tctggacatg cttcctaaaa acagaccatt ttccttaact tgcatcagtt 2040 

ttggtctgcc ttatgagttc tgttttgaac aagtgtaaca cactgatggt tttaatgtat 2100 

cttttccact tattatagtt atattcctac aatacaattt taaaattgtc tttttatatt 2160 

atatttatgc ttctgtgtca tgattttttc aagctgttat attagttgta accagtagta 2220 

ttcacattaa atcttgcttt ttttcccctt aaaaaaaaaa aaaaa 2265 

<210> 2 

<211> 2430 

<212> DNA 

<213> Homo sapiens 
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<400> 2 ^ . 

ataacgcgca gaactgggga atgcagagag caaccaatgt cacctaccaa gcccatcacg 

tcagcaggaa caagagaggt caggtggtgg ggaccagagg tggctttcgt ggttgcacag 120 

tttggctaac aggcttgtct ggagcgggaa agactactgt gagcatggcc ttggaggagt 180 

acctggtttg tcatggtatt ccatgctaca ctctggatgg tgacaatatt cgtcaaggtc 240 

tcaataaaaa tcttggcttt agtcctgaag acagagaaga gaatgttcga cgcatcgcag 300 

aagttgctaa actgtttgca gatgctggct tagtgtgcat cacaagtttc atatcacctt 360 

acactcagga tcgcaacaat gcaaggcaaa ttcatgaagg tgcaagttta ccgttttttg 420 

aagtatttgt tgatgctcct ctgcatgttt gtgaacagag ggatgtcaaa ggactctaca 480 

aaaaagcccg ggcaggagaa attaaaggtt tcactgggat cgattctgaa tatgaaaagc 540 

cagaggcccc tgagttggtg ctgaaaacag actcctgtga tgtaaatgac tgtgtccagc 600 
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aagttgtgga acttctacag gaacgggata ttgtacctgt ggatgcatct tatgaagtaa 660 

aagaactata tgtgccagaa aataaacttc atttggcaaa aacagatgcg gaaacattac 720 

cagcactgaa aattaataaa gtggatatgc agtgggtgca ggttttggca gaaggttggg 780 
caaccccatt gaatggcttt atgagagaga gggagtactt gcagtgcctt cattttgatt 
gtcttctgga tggaggtgtc attaacttgt cagtacctat agttctgact gcgactcatg 

aagataaaga gaggctggac ggctgtacag catttgctct gatgtatgag ggccgccgtg 960 

tggccattct tcgcaatcca gagttttttg agcacaggaa agaggagcgc tgtgccagac 1020 

agtggggaac gacatgcaag aaccacccct atattaagat ggtgatggaa caaggagatt 1080 

ggctgattgg aggagatctt caagtcttgg atcgagttta ttggaatgat ggtcttgatc 1140 

agtatcgtct tactcctact gagctaaagc agaaatttaa agatatgaat gctgatgctg 1200 

tctttgcatt tcaactacgc aacccagtgc acaatggaca tgccctgtta atgcaggata 1260 

cccataagca acttctagag aggggctacc ggcgccctgt cctcctcctc caccctctgg 1320 

gtggctggac aaaggatgac gatgttcctt tgatgtggcg tatgaagcag catgctgcag 1380 

tgttggagga aggagttctg aatcctgaga cgacagtggt ggccatcttc ccatctccca 1440 

tgatgtatgc tggaccaact gaggtccagt ggcattgcag agcacggatg gttgcaggag 1500 

ccaactttta cattgttgga cgagaccctg ctggcatgcc tcatccagaa acagggaagg 1560 

atctttatga gccaagtcat ggtgccaaag tgctgacgat ggcccctggt ttaatcactt 1620 

tggaaatagt tccctttcga gttgcagctt acaacaagaa aaagaagcgt atggactact 1680 

atgactctga acaccatgaa gactttgaat ttatttcagg aacacgaatg cgcaaacttg 1740 

ctcgagaagg ccagaaacca cctgaaggtt tcatggctcc caaggcttgg accgtgctga 1800 

cagaatacta caaatccttg gagaaagctt aggctgttaa cccagtcact ccacctttga 1860 

cacattacta gtaacaagag gggaccacat agtctctgtt ggcatttctt tgtggtgtct 1920 

gtctggacat gcttcctaaa aacagaccat tttccttaac ttgcatcagt tttggtctgc 1980 

cttatgagtt ctgttttgaa caagtgtaac acactgatgg ttttaatgta tcttttccaq 2040 

ttattatagt tatattccta caatacaatt ttaaaattgt ctttttatat tatatttatg 2100 

cttctgtgtc atgatttttt caagctgtta tattagttgt aaccagtagt attcacatta 2160 

aatcttgctt tttttcccct taaaaaaaga aaaaaattac caaacaataa acttggctag 2220 

accttgtttt gaggatttta caagaccttt gtagcgatta gatttttttt ctacattgaa 2280 

aatagaaact gcttcctttc ttctttccag tcagctattg gtctttccag ctgttataat 2340 

ctaaagtatt cttatgatct gtgtaagctc tgaatgaact tctttactca ataaaattaa 2400 

2430 

ttttttggct tcttaaaaaa aaaaaaaaaa 



840 
900 



wo 2004/013309 



yUS2003/024562 



60 



<210> 3 
<211> 2282 
<212> DNA 
<213> Homo sapiens 

<400> 3 

cctgcctcct cttgctaccc tcccggcgca gagaaccccg gctgctcagc gcgctccggt 

catggagatc cccgggagct tgtgcaagaa agtcaagctg agcaataacg cgcagaactg 120 

gggaatgcag agagcaacca atgtcaccta ccaagcccat catgtcagca ggaacaagag 180 

aggtcaggtg gtggggacca gaggtggctt tcgtggttgc acagtttggc taacaggctt 240 

gtctggagcg ggaaagacta ctgtgagcat ggccttggag gagtacctgg tttgtcatgg 300 

tattccatgc tacactctgg atggtgacaa tattcgtcaa ggtctcaata aaaatcttgg 360 

ctttagtcct gaagacagag aagagaatgt tcgacgcatc gcagaagttg ctaaactgtt 420 

tgcagatgct ggcttagtgt gcatcacaag tttcatatca ccttacactc aggatcgcaa 480 

caatgcaagg caaattcatg aaggtgcaag tttaccgttt tttgaagtat ttgttgatgc 540 

tcctctgcat gtttgtgaac agagggatgt caaaggactc tacaaaaaag cccgggcagg 600 

agaaattaaa ggtttcactg ggatcgattc tgaatatgaa aagccagagg cccctgagtt 660 

ggtgctgaaa acagactcct gtgatgtaaa tgactgtgtc cagcaagttg tggaacttct 720 

acaggaacgg gatattgtac ctgtggatgc atcttatgaa gtaaaagaac tatatgtgcc 780 
agaaaataaa cttcatttgg caaaaacaga tgcggaaaca ttaccagcac tgaaaattaa 
taaagtggat atgcagtggg tgcaggtttt cgcagaaggt tgggcaaccc cattgaatgg 
ctttatgaga gagagggagt acttgcagtg ccttcatttt gattgtcttc tggatggagg 
tgtcattaac ttgtcagtac ctatagttct gactgcgact catgaagata aagagaggct 

ggacggctgt acagcatttg ctctgatgta tgagggccgc cgtgtggcca ttcttcgcaa 1080 

tccagagttt tttgagcaca ggaaagagga gcgctgtgcc agacagtggg gaacgacatg 1140 

caagaaccac ccctatatta agatggtgat ggaacaagga gattggctga ttggaggaga 1200 

tcttcaagtc ttggatcgag tttattggaa tgatggtctt gatcagtatc gtcttactcc 1260 

tactgagcta aagcagaaat ttaaagatat gaatgctgat gctgtctttg catttcaact 1320 

acgcaaccca gtgcacaatg gacatgccct gttaatgcag gatacccata agcaacttct 1380 

agagaggggc taccggcgcc ctgtcctcct cctccaccct ctgggctgga caaaggatga 1440 

cgatgttcct ttgatgtggc gtatgaagca gcatgctgca gtgttggagg aaggagttct 1500 

gaatcctgag acgacagtgg tggccatctt cccatctccc atgatgtatg ctggaccaac 1560 

tgaggtccag tggcattgca gagcacggat ggttgcagga gccaactttt acattgttgg 1620 

acgagaccct gctggcatgc ctcatccaga aacagggaag gatctttatg agccaagtca 1680 



840 
900 
960 
1020 



wo 2004/013309 



/US2003/024562 



tggtgccaaa 
agttgcagct 
agactttgaa 
acctgaaggt 
ggagaaagct 
ggggaccaca 
aaacagacca 
acaagtgtaa 
acaatacaat 
tcaagctgtt 
tt 



gtgctgacga. 
tacaacaaga 
tttattttag 
ttcatggctc 
taggctgtta 
tagtctctgt 
ttttccttaa 
cacactgatg 
tttaaaattg 
atattagttg 



tggcccctgg 
aaaagaagcg 
gaacacgaat 
ccaaggcttg 
acccagtcac 
tggcatttct 
cttgcatcag 
gttttaatgt 
tctttttata 
taaccagtag 



tttaatcact 
tatggactac 
gcgcaaactt 
gaccgtgctg 
tccacctttg 
ttgtggtgtc 
ttttggtctg 
atcttttcca 
ttatatttat 
tattcacatt 



ttggaaatag 
tatgactctg 
gctcgagaag 
acagaatact 
acacattact 
tgtctggaca 
ccttatgagt 
cttattatag 
gcttctgtgt 
aaatcttgct 



ttccctttcg 
aacaccatga 
gccagaaacc 
acaaatcctt 
agtaacaaga 
tgcttcctaa 
tctgttttga 
ttatattcct 
catgattttt 
ttttttcccc 



1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2282 



<210> 4 

<211> 2537 

<212> DNA 

<213> Homo sapiens 



<220> 

<221> iriisc_f eature 

<222> (2472) . . (2472) 

<223> n is a, c, g, or t 

<400> 4 

tcttgctacc ctcccggcgc agagaacccc 
atccccggga gcttgtgcaa gaaagtcaag 
cagagagcaa ccaatgtcac ctaccaagcc 
gtggtgggga ccagaggtgg ctttcgtggt 
gcgggaaaga ctactgtgag catggccttg 
tgctacactc tggatggtga caatattcgt 
cctgaagaca gagaagagaa tgttcgacgc 
gctggcttag tgtgcatcac aagtttcata 
aggcaaattc atgaaggtgc aagtttaccg 
catgtttgtg aacagaggga tgtcaaagga 
aaaggtttca ctgggatcga ttctgaatat 
aaaacagact cctgtgatgt aaatgactgt 
cgggatattg tacctgtgga tgcatcttat 



ggctgctcag 

ctgagcaata 

catcatgtca 

tgcacagttt 

gaggagtacc 

caaggtctca 

atcgcagaag 

tcaccttaca 

ttttttgaag 

ctctacaaaa 

gaaaagccag 

gtccagcaag 

gaagtaaaag 



cgcgctccgc 

acgcgcagaa 

gcaggaacaa 

ggctaacagg 

tggtttgtca 

ataaaaatct 

ttgctaaact 

ctcaggatcg 

tatttgttga 

aagcccgggc 

aggcccctga 

ttgtggaact 

aactatatgt 



ggtcatggag 

ctggggaatg 

gagaggtcag 

cttgtctgga 

tggtattcca 

tggctttagt 

gtttgcagat 

caacaatgca 

tgctcctctg 

aggagaaatt 

gttggtgctg 

tctacaggaa 

gccagaaaat 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
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aaacttcatt tggcaaaaac agatgcggaa acattaccag cactgaaaat taataaagtg 



840 

gatatgcagt gggtgcaggt tttggcagaa ggttgggcaa ccccattgaa tggctttatg 900 

agagagaggg agtacttgca gtgccttcat tttgattgtc ttctggatgg aggtgtcatt 960 

aacttgtcag tacctatagt tctgactgcg actcatgaag ataaagagag gctggacggc 1020 

tgfcacagcat ttgctctgat gtatgagggc cgccgtgtgg ccattcttcg caatccagag 1080 

ttttttgagc acaggaaaga ggagcgctgt gccagacagt- ggggaacgac atgcaagaac 1140 

cacccctata ttaagatggt gatggaacaa ggagattggc tgattggagg agatcttcaa 1200 

gtcttggatc gagtttattg gaatgatggt cttgatcagt atcgtcttac tcctactgag 1260 

ctaaagcaga aatttaaaga tatgaatgct gatgctgtct ttgcatttca actacgcaac 1320 

ccagtgcaca atggacatgc cctgttaatg caggataccc ataagcaact tctagagagg 1380 

ggctaccggc gccctgtcct cctcctccac cctctgggtg gctggacaaa ggatgacgat 1440 

gttcctttga tgtggcgtat gaagcagcat gctgcagtgt tggaggaagg agttctgaat 1500 

cctgagacga cagtggtggc catcttccca tctcccatga tgtatgctgg accaactgag 1560 

gtccagtggc attgcagagc acggatggtt gcaggagcca acttttacat tgttggacga 1620 

gaccctgctg gcatgcctca tccagaaaca gggaaggatc tttatgagcc aagtcatggt 1680 

gccaaagtgc tgacgatggc ccctggttta atcactttgg aaatagttcc ctttcgagtt 1740 

gcagcttaca acaagaaaaa gaagcgtatg gactactatg actctgaaca ccatgaagac 1800 

tttgaattta ttttaggaac acgaatgcgc aaacttgctc gagaaggcca gaaaccacct 1860 

gaaggtttca tggctcccaa ggcttggacc gtgctgacag aatactacaa atccttggag 1920 

aaagcttagg ctgttaaccc agtcactcca cctttgacac attactagta acaagagggg 1980 

accacatagt ctctgttggc atttctttgt ggtgtctgtc tggacatgct tcctaaaaac 2040 

agaccatttt ccttaacttg catcagtttt ggtctgcctt atgagttctg ttttgaacaa 2100 

gtgtaacaca ctgatggttt taatgtatct tttccactta ttatagttat attcctacaa 2160 

tacaatttta aaattgtctt tttatattat atttatgctt ctgtgtcatg attttttcaa 2220 

gctgttatat tagttgtaac cagtagtatt cacattaaat cttgcttttt ttccccttaa 2280 

aaaaagaaaa aaattaccaa acaataaact tggctagacc ttgttttgag gattttacaa 2340 

gacctttgta gcgattagat tttttttcta cattgaaaat agaaactgct tcctttcttc 2400 

tttccagtca gctattggtc tttccagctg ttataatcta aagtattctt atgatctgtg 2460 

taagctctga angaacttct ttactcaata aaattaattt tttggcttct taaaaaaaaa 2520 
aaaaaaaaaa aaaaaaa 



2537 



<210> 



6 



wo 2004/013309 



'/US2003/024562 



60 



<211> 2511 
<212> DNA 
<213> Homo sapiens 

<400> 5 ^ ..^ ^ 

cgcagagaac cccggctgct cagcgcgctc cgggtcatgg agatccccgg gagcttgtgc 

aagaaagtca agctgagcaa taacgcgcag aactggggaa tgcagagagc aaccaatgtc 120 

acctaccaag cccatcatgt cagcaggaac aagagaggtc aggtggtggg gaccagaggt 180 

ggctttcgtg gttgcacagt ttggctaaca ggcttgtctg gagcgggaaa gactactgtg 240 

agcatggcct tggaggagta cctggtttgt catggtattc catgctacac tctggatggt 300 

gacaatattc gtcaaggtct caataaaaat cttggcttta gtcctgaaga cagagaagag 360 

aatgttcgac gcatcgcaga agttgctaaa ctgtttgcag atgctggctt agtgtgcatc 420 

acaagtttca tatcacctta cactcaggat cgcaacaatg caaggcaaat tcatgaaggt 480 

gcaagtttac cgttttttga agtatttgtt gatgctcctc tgcatgtttg tgaacagagg 540 

gatgtcaaag gactctacaa aaaagcccgg gcaggagaaa ttaaaggttt cactgggatc 600 

gattctgaat atgaaaagcc agaggcccct gagttggtgc tgaaaacaga ctcctgtgat 660 

gtaaatgact gtgtccagca agttgtggaa cttctacagg aacgggatat tgtacctgtg 720 

gatgcatctt atgaagtaaa agaactatat gtgccagaaa ataaacttca tttggcaaaa 780 

acagatgcgg aaacattacc agcactgaaa attaataaag tggatatgca gtgggtgcag 840 

gttttggcag aaggttgggc aaccccattg aatggcttta tgagagagag ggagtacttg 900 

cagtgccttc attttgattg tcttctggat ggaggtgtca ttaacttgtc agtacctata 960 

gttctgactg cgactcatga agataaagag aggctggacg gctgtacagc atttgctctg 1020 

atgtatgagg gccgccgtgt ggccattctt cgcaatccag agttttttga gcacaggaaa 1080 

gaggagcgct gtgccagaca gtggggaacg acatgcaaga accaccccta tattaagatg 1140 

gtgatggaac aaggagattg gctgattgga ggagatcttc aagtcttgga tcgagtttat 1200 

tggaatgatg gtcttgatca gtatcgtctt actcctactg agctaaagca gaaatttaaa 1260 

gatatgaatg ctgatgctgt ctttgcattt caactacgca acccagtgca caatggacat 1320 

gccctgttaa tgcaggatac ccataagcaa cttctagaga ggggctaccg gcgccctgtc 1380 

ctcctcctcc accctctggg tgcttggaca aaggatgacg atgttccttt gatgtggcgt . 1440 

atgaagcagc atgctgcagt gttggaggaa ggagttctga atcctgagac gacagtggtg 1500 

gccatcttcc catctcccat gatgtatgct ggaccaactg aggtccagtg gcattgcaga 1560 

gcacggatgg ttgcaggagc caacttttac attgttggac gagaccctgc tggcatgcct 1620 

catccagaaa cagggaagga tctttatgag ccaagtcatg gtgccaaagt gctgacgatg 1680 

gcccctggtt taatcacttt ggaaatagtt ccctttcgag ttgcagctta caacaagaaa 1740 



wo 2004/013309 



/US2003/024562 



2220 
2280 



aagaagcgta tggactacta tgactctgaa caccatgaag actttgaatt tatttcagga 1800 

acacgaatgc gcaaacttgc tcgagaaggc cagaaaccac ctgaaggttt catggctccc I860 

aaggcttgga ccgtgctgac agaatactac aaatccttgg agaaagctta ggctgttaac 1920 

ccagtcactc cacctttgac acattactag taacaagagg ggaccacata gtctctgttg 1980 

gcatttcttt gtggtgtctg tctggacatg cttcctaaaa acagaccatt ttccttaact 2040 

tgcatcagtt ttggtctgcc ttatgagttc tgttttgaac aagtgtaaca cactgatggt 2100 

tttaatgtat cttttccact tattatagtt atattcctac aatacaattt taaaattgtc 2160 
tttttatatt atatttatgc ttctgtgtca tgattttttc aagctgttat attagttgta 
accagtagta ttcacattaa atcttgcttt ttttcccctt aaaaaaagaa aaaaattacc 

aaacaataaa cttggctaga ccttgttttg aggattttac aagacctttg tagcgattag 2340 

attttttttc tacattgaaa atagaaactg cttcctttct tctttccagt cagctattgg 2400 

tctttccagc tgttataatc taaagtattc ttatgatctg tgtaagctct gaatgaactt 2460 

ctttactcaa taaaattaat tttttggctt cttaaaaaaa aaaaaaaaaa a 2511 

<210> 6 

<211> 1370 

<212> DNA 

<213> Homo sapiens 

<400> 6 ^_ 

ggtcggtaag aagcactgca cagaaatctg atgcgaagtg gggtctccta gcggagaggg 60 

aggcacctta taagtaatca ctaatccagg ttgagatatt aattattgat gtcaagaaat , 120 

cgggctttta ttatatcttt ttaaaaactg tgtcttgagg ccaggcgctg tcgctcacgc 180 

ctggaatccc agcactttgg gaagctgagg cgggcggatc atgaggtcag gaattcgaga 

ccagcctggc caacatagtg aaaccccgtc tctactaaaa atacaaaaat tagccgggcg 

tggtggcaca cgcctgtagt cccagctact cgggaggctg aggcaggaga atcgcttgaa 360 

cccgggaggc agaggttgcg gtgagccgag atcctactac tgcactccag cctgggcgac 420 

agagcaagac tccgtctcaa aaaaagaaaa aaaattgtgt cttgagtaga attttaatgt 480 

ggagaatgag ctgttcggta aatcaattct tccctttgca aagctgtaaa acatttaaaa 540 

catttggcca gggtgacatg ggcacagaag gggcagacag gaggtcggca gccaggtctg 600 

tggaggagta gccagaggtg caggaggccg cgtcagcgtc ctcccaatca gcctctgctg 660 

agggagtgcc gcgcgcggcg agccgcgcac tccccttgcc tttctcccgg cggctggtac 720 

tcgctcttag agatctgcgt tagctcagag ctaggctcgg tgccgcagag gcacctgagg 780 

ttccacgact gcattccagg ccccgcccct tcatcgggat ctggaaggag gagcgccgtg 

8 



240 
300 



840 



wo 2004/013309 ^^/US2003/024562 

cgcgcccgcg ccggcgcgag cgttgaagct ccgcccccag cttctacctc cggttctatc 900 

ccggcgtttc gcccttcccc acagacctct gccccggacc catttccgag gcgcgccgca 960 

tgcgccgcgc aacccaggcc acgagcacgg gcgcgtgcgc aagtcagcgc gcgcccgctc 1020 

cgacgcgagg aggccccgcc ctccagcccc gccccgctcg ctggcctgcc ctcctcttgc 1080 

taccctcccg gcgcagagaa ccccggctgc tcagcgcgct ccgcggtcat ggagatcccc 1140 

gggagcctgt gcaagaaagt caagctgagc aataacgcgc agaactgggt aagctgggga 1200 

cgaaggcgag acggcgagga gcggaggggc tgtgggagca gctcgttccg gagccgccgc 1260 

ctctctcccg cctcctccgc atccatcctt ccagcagcgc ggaggtgggt tccggggctg 1320 

cggcgcctcc cggctggggc cgtgtgtggt tgcgaggcag aggggcgcgg 1370 

<210> 7 

<211> 2014 

<212> DNA 

<213> Homo sapiens 

<400> 7 

ctgctgccgc cgccgccgcc gccgtccctg cgtccttcgg tctctgctcc cgggacccgg 60 

ctccgccgca gccagccagc atgtcgggga tcaagaagca aaagacggag aaccagcaga 120 

aatccaccaa tgtagtctat caggcccacc atgtgagcag gaataagaga gggcaagtgg 180 

ttggaacaag gggtgggttc cgaggatgta ccgtgtggct aacaggtctc tctggtgctg 240 

gaaaaacaac gataagtttt gccctggagg agtaccttgt ctcccatgcc atcccttgtt 300 

actccctgga tggggacaat gtccgtcatg gccttaacag aaatctcgga ttctctcctg 360 

gggacagaga ggaaaatatc cgccggattg ctgaggtggc taagctgttt gctgatgctg 420 

gtctggtctg cattaccagc tttatttctc cattcgcaaa ggatcgtgag aatgcccgca 480 

aaatacatga atcagcaggg ctgccattct ttgaaatatt tgtagatgca cctctaaata 540 

tttgtgaaag cagagacgta aaaggcctct ataaaagggc cagagctggg gagattaaag 600 

gatttacagg tattgattct gattatgaga aacctgaaac tcctgagcgt gtgcttaaaa 660 

ccaatttgtc cacagtgagt gactgtgtcc accaggtagt ggaacttctg caagagcaga 720 

acattgtacc ctatactata atcaaagata tccacgaact ctttgtgccg gaaaacaaac 780 

ttgaccacgt ccgagctgag gctgaaactc tcccttcatt atcaattact aagctggatc 840 

tccagtgggt ccaggttttg agcgaaggct gggccactcc cctcaaaggt ttcatgcggg 900 

agaaggagta cttacaggtt atgcactttg acaccctgct agatgatggc gtgatcaaca 960 

tgagcatccc cattgtactg cccgtctctg cagaggataa gacacggctg gaagggtgca 1020 

gcaagtttgt cctggcacat ggtggacgga gggtagctat cttacgagac gctgaattct 1080 

atgaacacag aaaagaggaa cgctgttccc gtgtttgggg gacaacatgt acaaaacacc 1140 



gattatgaga aacctgaaac tcctgagcgt gtgcttaaaa ccaatttgtc cacagtgagt 

10 



WO 2004/013309 ^pr/US2003/024562 

cccatatcaa aatggtgatg gaaagtgggg actggctggt tggtggagac cttcaggtgc 1200 

tggagaaaat aagatggaat gatgggctgg accaataccg tctgacacct ctggagctca 1260 

aacagaaatg taaagaaatg aatgctgatg cggtgtttgc attccagttg cgcaatcctg 1320 

tccacaatgg ccatgccctg ttgatgcagg acacctgccg caggctccta gagaggggct 1380 

acaagcaccc ggtcctccta ctacaccctc tgggcggctg gaccaaggat gacgatgtgc 1440 

ctctagactg gcggatgaag cagcacgcgg ctgtgctcga ggaaggggtc ctggatccca 1500 

agtcaaccat tgttgccatc tttccgtctc ccatgttata tgctggcccc acagaggtcc 1560 

agtggcactg caggtcccgg atgattgcgg gtgccaattt ctacattgtg gggagggacc 1620 

ctgcaggaat gccccatcct gaaaccaaga aggatctgta tgaacccact catgggggca 1680 

aggtcttgag catggcccct ggcctcacct ctgtggaaat cattccattc cgagtggctg 1740 

cctacaacaa agccaaaaaa gccatggact tctatgatcc agcaaggcac aatgagtttg 1800 

acttcatctc aggaactcga atgaggaagc tcgcccggga aggagagaat cccccagatg 1860 

gcttcatggc ccccaaagca tggaaggtcc tgacagatta ttacaggtcc ctggagaaga 1920 

actaagcctt tgggtccaga gtttctttct gaagtgctct ttgattacct tttctatttt 1980 

tatgattaga tgctttgtat taaattgctt ctca 2014 

<210> 8 

<211> 2424 

<212> DNA 

<213> Homo sapiens 

<400> 8 

ggcacgaggg tccggcagcc gctgctgctg ctgctgctgc tgctgccgcc gccgccgccg 60 

ccgtccctgc gtccttcggt ctctgctccc gggacccggg ctccgccgca gccagccagc 120 

atgtcgggga tcaagaagca aaagacggag aaccagcaga aatccaccaa tgtagtctat 180 

caggcccacc atgtgagcag gaataagaga gggcaagtgg ttggaacaag gggtgggttc 240 

cgaggatgta ccgtgtggct aacaggtctc tctggtgctg gaaaaacaac gataagtttt 300 

gccctggagg agtaccttgt ctcccatgcc atcccttgtt actccctgga tggggacaat 360 

gtccgtcatg gccttaacag aaatctcgga ttctctcctg gggacagaga ggaaaatatc 420 

cgccggattg ctgaggtggc taagctgttt gctgatgctg gtctggtctg cattaccagc 480 

tttatttctc cattcgcaaa ggatcgtgag aatgcccgca aaatacatga atcagcaggg 540 
ctgccattct ttgaaatatt tgtagatgca cctctaaata tttgtgaaag cagagacgta 



600 



aaaggcctct ataaaagggc cagagctggg gagattaaag gatttacagg tattgattct 660 



720 
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<210> 9 
<211> 3774 
<212> DNA. 



780 



1200 
1260 

1320 



gactgtgtcc accaggtagt ggaacttctg caagagcaga acattgtacc ctatactata 

atcaaagata tccacgaact ctttgtgccg gaaaacaaac ttgaccacgt ccgagctgag 840 

gctgaaactc tcccttcatt atcaattact aagctggatc tccagtgggt ccaggttttg 900 

agcgaaggct gggccactcc cctcaaaggt ttcatgcggg agaaggagta cttacaggtt 960 

atgcactttg acaccctgct agatgatggc gtgatcaaca tgagcatccc cattgtactg 1020 

cccgtctctg cagaggataa gacacggctg gaagggtgca gcaagtttgt cctggcacat 1080 

ggtggacgga gggtagctat cttacgagac gctgaattct atgaacacag aaaagaggaa 1140 
cgctgttccc gtgtttgggg gacaacatgt acaaaacacd cccatatcaa aatggtgatg 
gaaagtgggg actggctggt tggtggagac cttcaggtgc tggagaaaat aagatggaat 
gatgggctgg accaataccg tctgacacct ctggagctca aacagaaatg taaagaaatg 

aatgctgatg cggtgtttgc attccagttg cgcaatcctg tccacaatgg ccatgccctg 1380 

ttgatgcagg acactcgccg caggctccta gagaggggct acaagcaccc ggtcctccta 1440 

ctacaccctc tgggcggctg gaccaaggat gacgatgtgc ctctagactg gcggatgaag 1500 

cagcacgcgg ctgtgctcga ggaaggggtc ctggatccca agtcaaccat tgttgccatc 1560 

tttccgtctc ccatgttata tgctggcccc acagaggtcc agtggcactg caggtcccgg 1620 

atgattgcgg gtgccaattt ctacattgtg gggagggacc ctgcaggaat gccccatcct 1680 

gaaaccaaga aggatctgta tgaacccact catgggggca aggtcttgag catggcccct 1740 

ggcctcacct ctgtggaaat cattccattc cgagtggctg cctacaacaa agccaaaaaa 1800 

gccatggact tctatgatcc agcaaggcac aatgagtttg acttcatctc aggaactcga 1860 

atgaggaagc tcgcccggga aggagagaat cccccagatg gcttcatggc ccccaaagca 1920 

tggaaggtcc tgacagatta ttacaggtcc ctggagaaga actaagcctt tggctccaga 1980 

gtttctttct gaagtgctct ttgattacct tttctatttt tatgattaga tgctttgtat 2040 

taaattgctt ctcaatgatg cattttaatc ttttataatg aagtaaaagt tgtgtctata 2100 

attaaaaaaa aatatatata tatacacaca cacatataca tacaaagtca aactgaagac 2160 
caaatcttag caggtaaaag caatattctt atacatttca taataaaatt agctctatgt 
attttctact gcacctgagc aggcaggtcc cagatttctt aaggctttgt ttgaccatgt 

gtctagttac ttgctgaaaa gtgaatatat tttccagcat gtcttgacaa cctgtactct 2340 
tccaatgtca tttatcagtt gtaaaatata tcagattgtg tcctcttctg tacaattgac 
aaaaaaaeiaa aaaaaaaaaa aaaa 



2220 
2280 



2400 
2424 
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<213> Homo sapiens 

<400> 9 ^ 

ccgccgtccc tgcgtccttc ggtctctgct cccgggaccc gggctccgcc gcagccagcc 60 

agcatgtcgg ggatcaagaa gcaaaagacg gagaaccagc agaaatccac caatgtagtc 120 

tatcaggccc accatgtgag caggaataag agagggcaag tggttggaac aaggggtggg 180 

ttccgaggat gtaccgtgtg gctaacaggt ctctctggtg ctggaaaaac aacgataagt 240 

tttgccctgg aggagtacct tgtctcccat gccatccctt gttactccct ggatggggac 300 

aatgtccgtc atggccttaa cagaaatctc ggattctctc ctggggacag agaggaaaat 360 

atccgccgga ttgctgaggt ggctaagctg tfctgctgatg ctggtctggt ctgcattacc 420 

agctttattt ctccattcgc aaaggatcgt gagaatgccc gcaaaataca tgaatcagca 480 

gggctgccat tctttgaaat atttgtagat gcacctctaa atatttgtga aagcagagac 540 

gtaaaaggcc tctataaaaa ggccagagct ggggagatta aaggatttac aggtattgat 600 

tctgattatg agaaacctga aactcctgag cgtgtgctta aaaccaattt gtccacagtg 660 

agtgactgtg tccaccaggt agtggaactt ctgcaagagc agaacattgt accctatact 720 

ataatcaaag atatccacga actctttgtg ccggaaaaca aacttgacca cgtccgagct 780 

gaggctgaaa ctctcccttc attatcaatt actaagctgg atctccagtg ggtccaggtt 840 
ttgagcgaag gctgggccac tcccctcaaa ggtttcatgc gggagaagga gtacttacag 
gttatgcact ttgacaccct gctagatgat ggcgtgatca acatgagcat ccccattgta 

ctgcccgtct ctgcagagga taagacacgg ctggaagggt gcagcaagtt tgtcctggca 1020 

catggtggac ggagggtagc tatcttacga gacgctgaat tctatgaaca cagaaaagag 1080 

gaacgctgtt cccgtgtttg ggggacaaca tgtacaaaac acccccatat caaaatggtg 1140 

atggaaagtg gggactggct ggttggtgga gaccttcagg tgctggagaa aataagatgg 1200 

aatgatgggc tggaccaata ccgtctgaca cctctggagc tcaaacagaa atgtaaagaa 1260 

atgaatgctg atgcggtgtt tgcattccag ttgcgcaatc ctgtccacaa tggccatgcc 1320 

ctgttgatgc aggacactcg ccgcaggctc ctagagaggg gctacaagca cccggtcctc 1380 

ctactacacc ctctgggcgg ctggaccaag gatgacgatg tgcctctaga ctggcggatg 1440 

aagcagcacg cggctgtgct cgaggaaggg gtcctggatc ccaagtcaac cattgttgcc 1500 

atctttccgt ctcccatgtt atatgctggc cccacagagg tccagtggca ctgcaggtcc 1560 

cggatgattg cgggtgccaa tttctacatt gtggggaggg accctgcagg aatgccccat 1620 

cctgaaacca agaaggatct gtatgaaccc actcatgggg gcaaggtctt gagcatggcc 1680 

cctggcctca cctctgtgga aatcattcca ttccgagtgg ctgcctacaa caaagccaaa 1740 

aaagccatgg acttctatga tctagcaagg cacaatgagt ttgacttcat ctcaggaact 1800 
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900 
960 



wo 2004/013309 ^pr/US2003/024562 

cgaatgagga agctcgcccg ggaaggagag aatcccccag atggcttcat ggcccccaaa 1860 

gcatggaagg tcctgacaga ttattacagg tccctggaga agaactaagc ctttggctcc 1920 

agagtttctt tctgaagtgc tctttgatta ccttttctat ttttatgatt agatgctttg 1980 

tattaaattg cttcctcaat gatgcatttt aacttttata atgaagtaaa agttgtgtct 2040 

ataattaaaa aaaaatatat atatatacac acacacatat acatacaaag tcaaactgaa 2100 

gaccaaatct tagcaggtaa aagcaatatt cttatacatt tcataataaa attagctcta 2160 

tgtattttct actgcacctg agcaggcagg tcccagattt cttaaggctt tgtttgacca 2220 

tgtgtctagt tacttgctga aaagtgaata tattttccag catgtcttga caacctgtac 2280 

tcttccaatg tcatttatca gttgtaaaat atatcagatt gtgtcctctt ctgtacaatt 2340 

gacaaaaaaa aatttttttt tctcactcta aaagaggtgt ggctcacatc aagattcttc 2400 

ctgatatttt acctcatgct gtacaagcct taatgtgtaa tcatatctta cgtgttgaag 2460 

acctgactgg agaaacaaaa tgtgcaataa cgtgaatttt atcttagaga tctgtgcagc 2520 

ctagatttta cctcatgctg tacaaagcct taatgttgta atcatatctt acgtgttgag 2580 

acctgactgg agaaacaaaa tgtgcaataa cgtgaatttt atcttagaga tctgtgcagc 2640 

ctattttctg tcacaaaagt tatattgtct aataagagaa gtcttaatgg cctctgtgaa 2700 

taatgtaact cagttacacg gtgactttta atagcataca gtgatttgat gaaaggacgt 2760 

caaacaatgt ggcgatgtcg tggaaagtta tctttcccgc tctttgctgt ggtcattgtg 2820 

tcttgcagaa aggatggccc tgatgcagca gcagcgccag ctgtaataaa aaataattca 2880 

cactatcaga ctagcaaggc actagaactg gaaaagacca cagaaaacaa agaatccaac 2940 

cctttcatct tacaggtgaa caaactgtga tgatgcacat gtatgtgttt tgtaagctgt 3000 

gagcaccgta acaaaatgta aatttgccat tattaggaaa gtgctggtgg cagtgaagaa 3060 

gcacccaggc cacttgactc ccagtctggt gccctgtcta caccagacaa cacaggagct 3120 

gggtcagatt cccctcagct gcttaacaaa gttcctcgaa cagaaagtgc ttacaaagct 3180 

gccttctcgg atactgaaag gtcgagtttt ctgaactgca ctgattttat tgcagttgaa 3240 

aaacccaaag ctattccaaa gatttcaagc tgttctgaga catcttctga tggctttact 3300 

tcctgagagg caatgttttt actttatgca taattcattg ttgccaagga ataaagtgaa 3360 

gaaacagcac ctttttaata tataggtctc tctggaagag acctaaattt agaaagagaa 3420 

aactgtgaca attttcatat tctcattctt aaaaaacact aatcttaact aacaaaagtt 3480 

cttttgagaa taagttacac acaatggcca cagcagtttg tctttaatag tatagtgcct 3540 

atactcatgt aatcggttac tcactactgc ctttaaaaaa aaccagcata tttattgaaa 3600 
acatgagaca ggattatagt gccttaaccg atatattttg tgacttaaaa aatacattta 3660 
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aaactgctct tctgctctag taccatgctt agtgcaaatg attatttcta tgtacaactg 3720 
atgcttgttc ttattttaat aaatttatca gagtgaaaaa aaaaaaaaaa aaaa 3774 



<210> 10 

<211> 2014 

<212> DNA 

<213> Homo sapiens 



<400> 10 

ctgctgccgc cgccgccgcc 



ctccgccgca gccagccagc 
aatccaccaa tgtagtctat 
ttggaacaag gggtgggttc 
gaaaaacaac gataagtttit 
actccctgga tggggacaat 
gggacagaga ggaaaatatc 
gtctggtctg cattaccagc 
aaatacatga atcagcaggg 
tttgtgaaag cagagacgta 
gatttacagg tattgattct 
ccaatttgtc cacagtgagt 
acattgtacc ctatactata 
ttgaccacgt ccgagctgag 
tccagtgggt ccaggttttg 
agaaggagta cttacaggtt 
tgagcatccc cattgtactg 
gcaagtttgt cctggcacat 
atgaacacag aaaagaggaa 
cccatatcaa aatggtgatg 
tggagaaaat aagatggaat 
aacagaaatg taaagaaatg 
tccacaatgg ccatgccctg 
acaagcaccc ggtcctccta 
ctctagactg gcggatgaag 



gccgtccctg 
atgtcgggga 
caggcccacc 
cgaggatgta 
gccctggagg 
gtccgtcatg 
cgccggattg 
tttatttctc 
ctgccattct 
aaaggcctct 
gattatgaga 
gactgtgtcc 
atcaaagata 
gctgaaactc 
agcgaaggct 
atgcactttg 
cccgtctctg 
ggtggacgga 
cgctgttccc 
gaaagtgggg 
gatgggctgg 
aatgctgatg 
ttgatgcagg 
ctacaccctc 
cagcacgcgg 



cgtccttcgg 
tcaagaagca 
atgtgagcag 
ccgtgtggct 
agtaccttgt 
gccttaacag 
ctgaggtggc 
cattcgcaaa 
ttgaaatatt 
ataaaagggc 
aacctgaaac 
accaggtagt 
tccacgaact 
tcccttcatt 
gggccactcc 
acaccctgct 
cagaggataa 
gggtagctat 
gtgtttgggg 
actggctggt 
accaataccg 
cggtgtttgc 
acacctgccg 
tgggcggctg 
ctgtgctcga 



tctctgctcc 
aaagacggag 
gaataagaga 
aacaggtctc 
ctcccatgcc 
aaatctcgga 
taagctgttt 
ggatcgtgag 
tgtagatgca 
cagagctggg 
tcctgagcgt 
ggaacttctg 
ctttgtgccg 
atcaattact 
cctcaaaggt 
agatgatggc 
gacacggctg 
cttacgagac 
gacaacatgt 
tggtggagac 
tctgacacct 
attccagttg 
caggctccta 
gaccaaggat 
ggaaggggtc 



cgggacccgg 60 

aaccagcaga 120 

gggcaagtgg 180 

tctggtgctg 240 

atcccttgtt 300 

ttctctcctg 360 

gctgatgctg 420 

aatgcccgca 480 

cctctaaata 540 

gagattaaag 600 

gtgcttaaaa 660 

caagagcaga 720 

gaaaacaaac 780 

aagctggatc 840 

ttcatgcggg 900 

gtgatcaaca 960 

gaagggtgca 1020 

gctgaattct 1080 

acaaaacacc 1140 

cttcaggtgc 1200 

ctggagctca 1260 

cgcaatcctg 1320 

gagaggggc t 1380 

gacgatgtgc 1440 

ctggatccca 1500 
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agtcaaccat tgttgccatc tttccgtctc ccatgttata tgctggcccc acagaggtcc 1560 

agtggcactg caggtcccgg atgattgcgg gtgccaattt ctacattgtg gggagggacc 1620 

ctgcaggaat gccccatcct gaaaccaaga aggatctgta tgaacccact catgggggca 1680 

aggtcttgag catggcccct ggcctcacct ctgtggaaat cattccattc cgagtggctg 1740 

cctacaacaa agccaaaaaa gccatggact tctatgatcc agcaaggcac aatgagtttg 1800 

acttcatctc aggaactcga atgaggaagc tcgcccggga aggagagaat cccccagatg 1860 

gcttcatggc ccccaaagca tggaaggtcc tgacagatta ttacaggtcc ctggagaaga 1920 

actaagcctt tgggtccaga gtttctttct gaagtgctct ttgattacct tttctatttt 1980 

tatgattaga tgctttgtat taaattgctt ctca 2014 

<210> 11 

<211> 624 

<212> PRT 

<213> Homo sapiens 

<400> 11 

Met Glu He Pro Gly Ser Leu Cys Lys Lys Val Lys Leu Ser Asn Asn 
1 5 10 15 . 

Ala Gin Asn Trp Gly Met Gin Arg Ala Thr Asn Val Thr Tyr Gin Ala 
20 25 30 

His His val Ser Arg Asn Lys Arg Gly Gin Val Val Gly Thr Arg Gly 
35 40 45 

Gly Phe Arg Gly Cys Thr Val Trp Leu Thr Gly Leu Ser Gly Ala Gly 
50 55 60 

Lys Thr Thr Val Ser Met Ala Leu Glu Glu Tyr Leu Val Cys His Gly 
65 70 75 80 

He Pro Cys Tyr Thr Leu Asp Gly Asp Asn He Arg Gin Gly Leu Asn 
85 90 95 

Lys Asn Leu Gly Phe Ser Pro Glu Asp Arg Glu Glu Asn Val Arg Arg 
100 105 110 

He Ala Glu Val Ala Lys Leu Phe Ala Asp Ala Gly Leu Val Cys He 
115 120 125 

Thr Ser Phe He Ser Pro Tyr Thr Gin Asp Arg Asn Asn Ala Arg Gin 
130 135 140 
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lie His Glu Gly Ala Ser Leu Pro Phe Phe Glu Val Phe Val Asp Ala 
145 150 155 160 

Pro Leu His Val Cys Glu Gin Arg Asp Val Lys Gly Leu Tyr Lys Lys 
165 170 175 

Ala Arg Ala Gly Glu. lie Lys Gly Phe Thr Gly lie Asp Ser Glu Tyr 
180 185 190 

Glu Lys Pro Glu Ala Pro Glu Leu Val Leu Lys Thr Asp Ser Cys Asp 
195 200 205 

Val Asn Asp Cys Val Gin Gin Val Val Glu Leu Leu Gin Glu Arg Asp 
210 215 220 

lie Val Pro Val Asp Ala Ser Tyr Glu Val Lys Glu Leu Tyr Val Pro 
225 230 235 240 

Glu Asn Lys Leu His Leu Ala Lys Thr Asp Ala Glu Thr Leu Pro Ala 
245 250 255 

Leu Lys He Asn Lys Val Asp Met Gin Trp Val Gin Val Leu Ala Glu 
260 265 270 

Gly Trp Ala Thr Pro Leu Asn Gly Phe Met Arg Glu Arg Glu Tyr Leu 
275 280 285 

Gin Cys Leu His Phe Asp Cys Leu Leu Asp Gly Gly Val He Asn Leu 
290 295 300 

Ser Val Pro He Val Leu Thr Ala Thr His Glu Asp Lys Glu Arg Leu 
305 310 315 320 

Asp Gly Cys Thr Ala Phe Ala Leu Met Tyr Glu Gly Arg Arg Val Ala 
325 330 335 

He Leu Arg Asn Pro Glu Phe Phe Glu His Arg Lys Glu Glu Arg Cys 
340 345 350 

Ala Arg Gin Trp Gly Thr Thr Cys Lys Asn His Pro Tyr He Lys Met 
355 360 365 

Val Met Glu Gin Gly Asp Trp Leu He Gly Gly Asp Leu Gin Val Leu 
370 375 380 

Asp Arg Val Tyr Trp Asn Asp Gly Leu Asp Gin Tyr Arg Leu Thr Pro 
385 390 395 400 
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Thr Glu Deu Lys Gin Lys Phe Lys Asp Met Asn Ala Asp Ala Val Phe 
405 410 415 



Ala Phe Gin Leu Arg Asn Pro Val His Asn Gly His Ala Leu Leu Met 
420 425 430 

Gin Asp Thr His Lys Gin Leu Leu Glu Arg Gly Tyr Arg Arg Pro Val 
435 440 445 

Leu Leu Leu His Pro Leu Gly Gly Trp Thr Lys Asp Asp Asp Val Pro 
450 455 460 

Leu Met Trp Arg Met Lys Gin His Ala Ala Val Leu Glu Glu Gly Val 
465 470 475 480 

Leu Asn Pro Glu Thr Thr Val Val Ala He Phe Pro Ser Pro Met Met 
485 490 495 

Tyr Ala Gly Pro Thr Glu Val Gin Trp His Cys Arg Ala Arg Met Val 
500 505 510 



Ala Gly Ala Asn Phe Tyr He Val Gly Arg Asp Pro Ala Gly Met Pro 
515 520 525 

His Pro Glu Thr Gly Lys Asp Leu Tyr Glu Pro Ser His Gly Ala Lys 
530 535 540 

Val Leu Thr Met Ala Pro Gly Leu He Thr Leu Glu He Val Pro Phe 
545 550 555 560 

Arg Val Ala Ala Tyr Asn Lys Lys Lys Lys Arg Met Asp Tyr Tyr Asp 
565 570 575 

Ser Glu His His Glu Asp Phe Glu Phe He Ser Gly Thr Arg Met Arg 
580 585 590 

Lys Leu Ala Arg Glu Gly Gin Lys Pro Pro Glu Gly Phe Met Ala Pro 
595 600 605 

Lys Ala Trp Thr Val Leu Thr Glu Tyr Tyr Lys Ser Leu Glu Lys Ala 
610 615 620 



<210> 12 

<211> 614 

<212> PRT 

<213> Homo sapiens 
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<400> 12 

Met Ser Gly He Lys Lys Gin Lys Thr Glu Asn Gin Gin Lys Ser Thr 
15 10 15 

Asn Val Val Tyr Gin Ala His His Val Ser Arg Asn Lys Arg Gly Gin 
20 25 30 

Val Val Gly Thr Arg Gly Gly Phe Arg Gly Cys Thr Val Trp Leu Thr 
35 40 45 

Gly Leu Ser Gly Ala Gly Lys Thr Thr He Ser Phe Ala Leu Glu Glu 
50 55 60 

Tyr Leu Val Ser His Ala He Pro Cys Tyr Ser Leu Asp Gly Asp Asn 
65 70 75 80 

Val Arg His Gly Leu Asn Arg Asn Leu Gly Phe Ser Pro Gly Asp Arg 
85 90 95 



Glu Glu Asn He Arg Arg He Ala Glu Val Ala Lys Leu Phe Ala Asp 
100 105 110 



Ala Gly Leu Val Cys He Thr Ser Phe He Ser Pro Phe Ala Lys Asp 
115 120 125 

Arg Glu Asn Ala Arg Lys He His Glu Ser Ala Gly Leu Pro Phe Phe 
130 135 140 

Glu He Phe Val Asp Ala Pro Leu Asn He Cys Glu Ser Arg Asp Val 
145 150 155 160 

Lys Gly Leu Tyr Lys Arg Ala Arg Ala Gly Glu He Lys Gly Phe Thr 
165 170 175 

Gly He Asp Ser Asp Tyr Glu Lys Pro Glu Thr Pro Glu Arg Val Leu 
180 185 190 

Lys Thr Asn Leu Ser Thr Val Ser Asp Cys Val His Gin Val Val Glu 
195 200 205 

Leu Leu Gin Glu Gin Asn He Val Pro Tyr Thr He He Lys Asp He 
210 215 220 

His Glu Leu Phe Val Pro Glu Asn Lys Leu Asp His Val Arg Ala Glu 
225 230 235 240 
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Ala Glu Thr Leu Pro Ser Leu Ser He Thr Lys Leu Asp Leu Gin Trp 
245 250 255 

Val Gin Val Leu Ser Glu Gly Trp Ala Thr Pro Leu Lys Gly Phe Met 
260 265 270 

Arg Glu Lys Glu Tyr Leu Gin Val Met His Phe Asp Thr Leu Leu Asp 
275 280 285 

Asp Gly val He Asn Met Ser He Pro He Val Leu Pro Val Ser Ala 
290 295 300 

Glu Asp Lys Thr Arg Leu Glu Gly Cys Ser Lys Phe Val Leu Ala His 
305 310 315 320 

Gly Gly Arg Arg Val Ala He Leu Arg Asp Ala Glu Phe Tyr Glu His 
325 330 335 

Arg Lys Glu Glu Arg Cys Ser Arg Val Trp Gly Thr Thr Cys Thr Lys 
340 345 350 

His Pro His He Lys Met Val Met Glu Ser Gly Asp Trp Leu Val Gly 
355 360 365 

Gly Asp Leu Gin Val Leu Glu Lys He Arg Trp Asn Asp Gly Leu Asp 
370 375 380 

Gin Tyr Arg Leu Thr Pro Leu Glu Leu Lys Gin Lys Cys Lys Glu Met 
385 390 395 400 

Asn Ala Asp Ala Val Phe Ala Phe Gin Leu Arg Asn Pro Val His Asn 
405 410 415 

Gly His Ala Leu Leu Met Gin Asp Thr Cys Arg Arg Leu Leu Glu Arg 
420 425 430 

Gly Tyr Lys His Pro Val Leu Leu Leu His Pro Leu Gly Gly Trp Thr 
435 440 445 

Lys Asp Asp Asp Val Pro Leu Asp Trp Arg Met Lys Gin His Ala Ala 
450 455 460 

Val Leu Glu Glu Gly Val Leu Asp Pro Lys Ser Thr He Val Ala He 
465 470 475 480 



Phe Pro Ser Pro Met Leu Tyr Ala Gly Pro Thr Glu Val Gin Trp His 
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485 490 495 

Cys Arg Ser Arg Met He Ala Gly Ala Asn Phe Tyr He Val Gly Arg 
500 505 510 

Asp Pro Ala Gly Met Pro His Pro Glu Thr Lys Lys Asp Leu Tyr Glu 
515 520 525 

Pro Thr His Gly Gly Lys Val Leu Ser Met Ala Pro Gly Leu Thr Ser 
530 535 540 

Val Glu He He Pro Phe Arg Val Ala Ala Tyr Asn Lys Ala Lys Lys 
545 550 555 560 

Ala Met Asp Phe Tyr Asp Pro Ala Arg His Asn Glu Phe Asp Phe He 
565 s 570 575 

Ser Gly Thr Arg Met Arg Lys Leu Ala Arg Glu Gly Glu Asn Pro Pro 
580 585 590 

Asp Gly Phe Met Ala Pro Lys Ala Trp Lys Val Leu Thr Asp Tyr Tyr 
595 600 605 



Arg Ser Leu Glu Lys Asn 
610 
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